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TEST  OF  THE   NEW  YORK   HYGEIA  ICE-MAKING  PLANT.^ 


BY    A.    G.    HUPFEL,     93,  H.  E.  GRISWOLD,    '93,  AND  WILLIAM  P. 

MACKENZIE,  '93. 


THE  investigation  was  made  upon  the  plant  of  the  Hygeia  Ice 
Company,  situated  at  the  foot  of  East  Fifty-second  Street, 
New  York  City. 

The  ammonia  compressors  and  attachments  were  constructed 
by  the  De  La  Vergne  Refrigerating  Machine  Company. 

There  were  three  compressor  engines,  each  operating  two 
double-acting  ammonia  compressors.  Two  of  the  machines  are 
rated  at  60  tons  ice-making  capacity  each,  and  the  third  90  tons, 
giving  a  total  ice-making  capacity  of  210  tons  per  day. 

Preparations  for  testing  were  commenced  April  i.  A  two 
days'  test  of  the  boiler  was  made  on  April  4  and  5.  Tests  were 
then  made  of  the  agitator  engine  which  is  used  to  circulate  the 


♦  This  test  was  made  and  reported  on  as  a  Graduation  Thesis.  A 
brief  abstract  of  the  same  was  presented  at  the  meeting  of  the  Mechanical 
Section  of  the  American  Association  for  the  Advancement  of  Science  at 
Madison,  Wis.,  and  has  been  published  in  the  American  Machinist  of 
January  11.  1894. 
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brine  in  the  freezing  tanks.  Weighings  were  made  of  a  number  of 
cakes  of  ice  from  the  six  tanks,  in  order  to  obtain  the  average 
weight  per  cake  and  the  loss  due  to  sprinkling  hot  water  on  the 
cans  to  remove  the  ice  from  them. 

On  May  i  preparations  were  completed  for  a  continuous  test  of 
the  entire  plant  for  one  week.  Indicator  rigging  was  attached, 
revolution  counters  placed  on  the  engines  and  pumps,  and  an  attach- 
ment made  for  obtaining  the  mean  position  of  the  valve  which 
controls  the  supply  of  live  steam  to  the  condenser. 

To  obtain  the  drip  water  of  condensation  in  the  exhaust  pipes, 
oil  separators,  and  that  from  the  engines  and  pumps,  the  waste 
pipe  was  connected  to  a  hose  and  the  water  measured  off  in 
barrels. 

The  positions  of  all  valves,  a  record  of  which  might  be  of  use 
in  subsequent  tests,  were  noted  at  regular  intervals  during  the 
continuous  test  of  one  week. 

The  plant  was  run  for  about  12  hours  per  day  because  the  de- 
mand at  the  season  of  the  year  at  which  the  test  was  made  could 
be  met  without  pushing  the  plant  to  its  utmost  capacity. 

The  reboiler,  pumps,  etc.,  were  tested  in  the  evening  of  May  9. 
Independent  tests  were  made  upon  the  reboiler,  sprinkler,  jet 
blowers,  and  "  Schaefer's  '*  pump  upon  subsequent  days. 

The  general  arrangement  of  a  portion  of  the  plant  is  shown  in 
Fig.  I. 

The  water  which  finally  leaves  the  condenser  A  is  the  accumu- 
lation of  the  exhausts  from  the  various  pumps  and  engines,  together 
with  an  amount  of  live  steam  injected  into  it  directly  from  the 
boilers.  This  last  quantity  is  used  to  make  up  any  deficit  in  the 
amount  of  water  necessary  to  supply  the  ice  cans.  This  water  on 
leaving  the  condensers  is  violently  reboiled  at  B,  and  afterwards 
cooled  by  running  through  a  coil  surface  cooler  C.  It  then  passes 
through  an  oil  separator  D,  after  which  it  runs  through  three  char- 
coal filters,  and  deodorizers  E,  placed  in  series  and  containing  28 
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feet  of  charcoal.     It  next  passes  into  the  supply  tank  G,  in  which 
there   is  an   electrical  attachment  for  detecting  salt.     Nitrate  of 


silver  tests  are  also  made  for  salt  daily.     From  this  tank  it  is  fed  to 
the  ice  cans  H,  which  are  carefully  covered  so  that  the  water  con- 
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tained  cannot  possibly  receive  any  impurities.  The  ice  was  per- 
fectly clear  and  the  edges  of  the  cakes  sharp.  There  was  but  a 
thin  core  of  air  bubbles  through  the  center  of  each  cake.  No  odor 
or  taste  could  be  observed*  at  the  center  of  the  cake,  which  is  a 
crucial  test  for  the  quality  of  artificial  ice,  and  shows  that  the 
method  employed  to  produce  pure  ice  in  this  plant  was  a  most 
perfect  one. 

The  final  results  of  the  tests  were  as  follows: 

Net  ice  made  per  pound  of  coal  in  pounds 7.12 

Pounds  of  net  ice  per  hour  per  horse-power 37.8 

Net  ice  manufactured  per  day  (12  hours)  in  tons 97 

Average  pressure  of  ammonia  gas  at  condenser  in  pounds  per 

square  inch  above  the  atmosphere 135 . 2 

Average  back  pressure  of  ammonia  gas  in  pounds  per  square  inch 

above  the  atmosphere 15.8 

Average  temperature  of  brine  in  freezing  tanks  in  degrees  Pahr.,     19.7 

Total  number  of  cans  filled  per  week 4i389 

Ratio  of  cooling  surface  of  coils  in  brine  tank  to  can  surface 7  to  10 

Ratio  of  brine  in  tanks  to  water  in  cans i  to  1.2 

Ratio  of  circulating  water  at  condensers  to  distilled  water 26  to  i 

Pounds  of  water  evaporated  at  boilers  per  pound  of  coal  8 .085 

Total  horse-power  developed  by  compressor  engines 444 

Percentage  of  ice  lost  in  removing  from  cans 2.2 

APPROXIMATE  DIVISION   OF   STEAM   IN   PER   CENTS.   OF   TOTAL  AMOUNT. 

Compressor  engines 60.  i 

Live  steam  admitted  directly  to  condensers 19. 7 

Steam  for  pumps,  agitator  and  elevator  engines 7.6 

Live  steam  for  reboiling  distilled  water 6.5 

Steam  for  blowers  furnishing  draft  at  boilers 5,6 

Sprinklers  for  removing  ice  from  cans 0.5 

DATA    AND    RESULTS   OF    TESTS   IN    DETAIL. 

BOILER   TEST. 

There  are  two  Heine  Safety  boilers,  each  of  375  horse-power 
capacity,  having  McLave  grates.     Four  steam  jet  blowers  under  the 
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two  boilers  are  employed  to  increase  the  draft.  Before  the  test 
was  started  a  mercury  well  was  inserted  in  the  feed-water  supply 
pipe,  a  pyrometer  put  into  the  flue,  the  lower  water  meter  (there 
being  two)  was  securely  locked,  all  faucets  leading  to  hydrants,  etc., 
sealed  shut  with  wires,  and  extra  precautions  taken  that  the  blow- 
off  cocks  were  tight. 

The  feed  water,  after  running  through  the  meter,  passed  through 
a  sand  filter  and  thence  to  the  cistern,  where  its  surface  level  was 
taken  at  the  beginning  and  end  of  the  test.  The  dimensions  of  the 
cross-section  of  the  cistern  are  9  feet  1 1  inches  by  8  feet,  the  depth 
being  immaterial.  From  the  cistern  the  water  was  fed  to  the  boilers 
after  first  passing  through  a  Goubert  feed-water  heater.  Two  quarts 
of  Diamond  Boiler  Compound  was  added  daily. 

A  new  supply  of  coal  was  put  in  during  the  night  before  the 
second  day's  test;  this  was  of  a  different  quality  from  the  first  sup- 
ply, as  shown  by  analysis  made  on  both. 

RESULTS   OF   BOILER   TEST, 

Date  of  test April  4.  April  5. 

Number  of  tubes  in  each  boiler 171  171 

Diameter  of  tubes  in  inches 3  ^  3 1>^ 

Length  of  tubes  in  feet. . . ,   16  16 

Square  feet  of  heating  surface  for  two  boilers. .  5,540  5,540 

Square  feet  of  grate  surface 127.2  127.2 

Rated  capacity  in  horse-power 750  750 

Duration  of  test  in  hours 12.25  11. 5 

Total  amount  of  coal  burned  in  pounds 25,312  22,159 

Pounds  of  coal  per  hour 2,066  1 .927 

Percentage  of  ash  (actual  conditions) 19  17.  i 

Percentage  of  ash  (analysis) 16  12 

Average  steam  pressure  in  pounds  per  square 

inch  above  the  atmosphere 96. 5  97 . 8 

Average    draft    (difference    between    pressure 

under  grate  and  in  chimney  in  inches  of 

water) 0.33  0.35 

Barometer  in  inches  of  mercury 29.7  30 

Temperature  of  feed  water,  degrees  Fahr 187. 9  191.9 
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Temperature  of  air,  degrees  Pahr 69  56 

Temperature  of  stack,  degrees  Pahr 373  35^ 

Total  amount  of  water   evaporated   into  dry 

steam  (actual  conditions),  pounds 202,952  180,689 

Pounds  of  water  evaporated  per  hour  (actual 

conditions) c6,567  15.7" 

Pounds  of  water  evaporated  per  pound  of  coal 

(actual  conditions) 8 .02  8.15 

Pounds  of  water  evaporated  per  pound  of  coal 

from  and  at  212  degrees 8 .  53  8 .64 

Pounds  of  water  evaporated  per  pound  of  com- 
bustible from  and  at  212  degrees 10. 5  10.4 

Pounds  of  water  evaporated  per  square  foot  of 

heating  surface  per  hour 2.9  2.8 

Pounds  of  coal  per  square  foot  of  grate  area  per 

hour 16.2  15. 1 

Horse-power  actually  developed,  70  pounds  and 

100  degrees  feed 511  483 

Square  feet  of  heating  surface  per  horse-power,  10 . 8  1 1 . 4 

Percentage  of  moisture  in  steam Dry  Dry 

COAL  ANALYSIS. 

Date  at  which  coal  was  burned  under  the  boilers..       April  4.    April  5. 
Kind  of  coal ^andpea^^  Buckwheat. 

Weight  of  crucible 8.175G  8.175G 

Weight  of  crucible  plus  coal 9. 878  9- 356 

Weight  of  coal i .  703  i .  181 

Per  cent,  of  moisture 5.5  5.0 

Per  cent,  of  volatile  and  combustible.   5.3  5.0 

Per  cent,  of  fixed  carbon 73 . 2  78 .0 

Per  cent,  of  ash 16.0  12.0 

CALIBRATION    OF    WATER   METER. 

The  meter  was  of  the  Thomson  type,  3-inch  size.  To  calibrate 
the  meter  it  was  disconnected,  swung  out,  and  a  pipe  fitting 
was  made  which  would  lead  the  water  into  a  barrel  that  had 
been  previously  weighed  and  found  to  contain  455  pounds.     The 


Test  of  Ice-Making  Plant,  7 

valve  was  so  regulated  that  the   flow  was  the  same  as  during  the 
boiler  test. 

Ten  observations  were  made,  all  of  which  agreed  very  well  with 
each  other,  the  meter  registering  7.4  cubic  feet  to  every  filling  of 
the  barrel.  From  this  data  the  meter  rate  is  61.5  pounds  for  each 
cubic  foot  registered  by  the  dial. 

TEST   OP   **SCHAEFER*S  "    PUMP. 

The  steam  to  drive  this  pump  was  furnished  by  the  boilers  of 
the  ice-machine  plant,  whereas  the  pump  was  used  for  purposes 
entirely  separate  from  the  plant.  The  exhaust  from  this  pump 
passed  to  the  condenser  of  the  ice  machines. 

If  this  pump  had  not  been  in  use  an  additional  amount  of  live 
steam,  equal  in  weight  to  the  steam  exhausted  from  the  pump, 
would  have  been  required  at  the  condensers.  The  pump  supplied 
river  water  to  "  Schaefer's  Brewery,'*  and  could  not  well  be  shut 
down. 

This  pump  is  a  duplex  Worthington  pump,  run  at  an  average 
speed  of  18  strokes  per  minute,  the  steam  supply  being  regulated 
by  the  head  of  water  pumped  against.  One-half  hour  previous  to 
starting  the  test  all  the  machinery  was  shut  down  so  as  to  have  no 
undue  condensation.  The  test  was  continued  for  two  hours,  show- 
ing a  water  consumption  of  882  pounds  per  hour,  not  including  the 
drip  water,  which  could  not  be  separated  from  that  coming  from  the 
remainder  of  the  system. 

GENERAL   METHOD   OF  CONDUCTING    THE  CONTINUOUS   TEST   OF 

ONE    WEEK. 

During  the  run  of  one  week  indicator  cards  were  taken  hourly 
from  each  engine,  and  the  revolutions,  also  the  pressure  of  ammonia 
entering  and  leaving  the  compressors,  were  noted. 

The  temperature  of  the  brine  was  taken  four  times  a  day,  also 
that  of  the  ice-storage  rooms. 
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An  accurate  record  was  taken  of  the  water  fed  to  the  boilers, 
and  of  that  unavoidably  wasted.  The  drip  was  obtained  for  the 
entire  week,  the  amount  each  day  being  about  constant. 


Zo/ye  Pnptrt&f^)  IndicaUr  Ca^c/s 


Fig.  a. 


A  record  was  taken  of  the  number  of  ice  cakes  drawn  daily 
from  the  tanks;  also  of  the  number  solidly  frozen  at  the  beginning 
of  each  day.  This  last  number  remained  constant  up  to  Friday, 
May  5,  at  7  a.  m.,  when  the  engines  were  speeded  up  a  few  turns 
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per  minute  so  as  to  increase  the  stock  of  ice  on  hand,  causing  a 
corresponding  increase  in  the  number  of  cakes  solidly  frozen  over. 

In  obtaining  the  ice  made  per  pound  of  coal  no  allowance  is 
made  for  the  additional  cakes  of  ice  in  the  tanks  at  the  close  of  the 
lest,  so  that  the  figure  given  is  slightly  lower  than  it  would  be  if 
such  an  allowance  were  made.  If  the  ice  made  per  pound  of  coal 
before  the  time  that  the  engines  were  speeded  up  is  calculated,  it 
is  found  to  be  about  \  per  cent,  higher  than  that  for  the  whole  week, 
so  that  it  was  considered  to  be  best  not  to  correct  for  the  ice  frozen 
ahead  in  the  tanks  at  the  end  of  the  week,  which,  if  done,  would 
involve  approximations  and  make  the  figure  a  less  reliable  one  for 
every- day  practice. 

Record  of  Water  Supplied  to  Boilers  from  May  i  to  May  8. 


■     -i   6 

10 

■   6  ■; 

■     6  16 

■     6   7 

30 

365  condenser  leak. 

120  pounds. 

B&8  trough  filled. 


330  -)-  744  pounds. 
305  poundg. 
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Running  time  per  day  (average)  in  hours 

Xumber  o£  days 

.Average  pressure  in  T  Boiler 

Sriir:  ^rS.      Am=,o„i.  g„  In  co„d,„..r 

(,  Ammonia  gas  in  refrigerating  coils, 
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Mean  effective  press- 


^  Compressor  A ...  32.88 


tires  in  pounds  per  \  Compressor  B 32 .61 

squareinch.                [  Compressor  C 32.35 

r  Compressor  A  45-3 

""uMaX^r™""      Compres«>rB 

L  Compressor  C  45 .  i 

Total  horse-power ,.   444 

Total  water  metered  during  week,  pounds 1.552.998 

Unavoidable  waste,  pounds 6,184 

Water  actually  used,  pounds i. 546.814 

Total  number  of  cans  filled  during  week ,   4t389 

Total  amount  net  ice  produced  per  week i  .362,053* 

Total  amount  of  waste  drip  in  pounds  per  week 90.172 

Total  amount  of  water  used  by  blowers  per  week,  running  at 
eight  hours  per  day,  as  found  by  independent  test  of 

blowers 9i»654 

Water  consumed  by  sprinkler  per  week,  as  per  independent 

test,  pounds 8,400 

Balance  representing  the  steam  used  in  the  evenings  by 

"Schaefer's"  pump  and  decreased  by  hydrants,  reboiler 

evaporation,  drip  of  salt-water  pumps,  agitator  engine, 

elevator,  and  loss  by  melting  of  ice  in  cans,  pounds  ..  .  5.465 

Pounds  of  coal  consumed  per  week,  boiler  evaporation  8.085 

pounds 191,320 

Ice  made  per  pound  of  coal 7.12 

r  7  A.  M 23.85 

Average  temperature      10  a.  m 20.59 

of  bnne  in  degrees  \ 

Fahrenheit.                    2  p.  m 17.77 

7  p.    M    16.62 

Rate  of  radiation  during  night  per  hour,  degrees  Fahr 0.603 

A               ^             *         r  •       *                        \  Upper     30.3 

Average  temperature  of  ice-storage  rooms.  \ 

\  Lower 31.5 

Amount  of  water  used  for  condensing  purposes  per  week. . .  35.422,463 

Pounds  of  ice  per  horse-power  per  hour. 37 . 8 

Ice  manufactured  per  day  of  12  hours,  in  tons Q7 


^  A  small  portion  of  this  water  is  furnished  by  ^'  Schaefer's  "  pump  running  over- 
time, so  that  it  cannot  be  directly  compared  with  the  total  water  given  above,  which 
was  measured  onlv  in  the  daytime  while  the  entire  plant  was  running. 
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ICE. 

In  finding  the  average  weights  of  the  cakes  of  ice  lo  cans 
containing  ice  were  weighed  from  each  tank  during  the  day. 
After  the  ice  was  removed  the  cans  and  ice  were  weighed  separately, 
from  which  the  amount  lost  in  removing  ice  from  cans,  chiefly  due 
to  loss  by  melting  during  the  sprinkling  process,  was  obtained.  The 
average  weights  of  cakes  from  each  tank  were  as  follows: 

TANKS. 

[I]  [2]  [3j  [4]  [5]  [6] 

308.9  310.3  303.5  300.8  315.4  320.2 

The  difference  in  the  average  weights  in  the  several  tanks  is 
due  to  the  fact  that  the  mechanical  fillers  do  not  always  trip  at  the 
same  level  of  water  in  the  cans. 

The  average  weight  of  the  cans  in  the  tanks  i,  2,  3,  and  4  is 
75  pounds;  that  of  those  in  5  and  6  is  96.3  pounds.  The  dimen- 
sions of  the  cans,  which  are  slightly  tapered,  are:  Height,  44  inches; 
breadth  at  top  11%  inches,  and  at  bottom  10^  inches;  length  at 
top  22^  inches,  and  at  bottom  2ij4  inches.  They  are  filled  to 
within  9  inches  of  the  top,  expanding  in  freezing  to  within  6  inches. 
In  tanks  i,  2,  3,  and  4  there  are  54  coils  running  through  the  space 
between  the  cans.  These  coils  are  21  feet  long,  having  eight  lengths 
of  2-inch  pipe  to  each  coil. 

The  tanks  are  23  feet  by  70  feet,  the  brine  having  a  depth  of  3 
feet  4  inches.     The  cans  are  sunk  to  within  7^  inches  of  their  top. 

In  tank  5  there  are  20  coils  of  2-inch  pipe  72  feet  long  and  six 
lengths  to  a  coil.  This  tank  is  24  feet  by  74  feet,  the  depth  of  brine 
in  it  being  3  feet.  In  tank  6  the  number  of  coils  is  23,  each  con- 
taining six  lengths  of  2-inch  pipe  72  feet  long.  The  size  of  the  tank 
is  28  feet  by  74  feet,  and  the  depth  of  brine  is  3  feet. 

From  this  data  and  observations  made  the  following  results 
were  obtained  : 

Total  number  of  canSa  in  tanks 2,679 

Surface  of  cooling  coils  m  square  feet 34.043 

Cooling  surface  per  can  in  square  feet 18.5 
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Surface  of  cans  immersed  in  square  feet 49.561 . 5 

Ratio  of  cooling;:  to  can  surface 7  to  10 

Time  taken  to  freeze  can  in  hours 60 

Quantity  of  brine  in  tanks  in  cubic  feet. 12,692 

Quantity  of  water  in  cans  in  cubic  feet 15,284 

Ratio  of  brine  to  water  in  cans i  to  i .  2 

Temperature  of  water  entering  cans,  degrees  Fahr 62 

Temperature  of  water  used  at  sprinklers,  degrees  Fahr 96 

Total  number  of  cans  in  use 3.176 

APPROXIMATE    DIVISION    OF   TOTAL   STEAM    USED    IN    ORDER    TO 
DETERMINE     THE     AMOUNT    CONSUMED     BY     THE 

VARIOUS   PROCESSES. 

Tests  were  made  to  determine  the  steam  used  at  the  reboiler 
for  the  distilled  water,  at  the  sprinklers  to  remove  the  ice  from  the 
cans,  at  the  jet  blowers  to  produce  draft  at  the  boilers,  and  by  the 
pumps,  agitator  engines,  etc.  These  were  of  an  approximate 
nature,  but  serve  in  a  general  way  to  show  the  distribution  of  the 
total  steam. 

The  steam  to  drive  the  engines  was  assumed  at  26  pounds  per 
hour  per  horse-power,  which  was  known  to  be  the  correct  figure  for 
the  conditions  involved.  The  live  steam  admitted  directly  to  the 
condensers  was  determined  by  direct  experiment,  in  which  the 
admission  valve  was  set  at  the  average  opening  noted  during  the 
test  of  one  week,  and  by  taking  the  difference  between  the  total 
steam  and  all  other  quantities  except  the  live  steam  admitted  to 
the  condensers.     A  mean  of  the  two  values  is  given  in  the  table. 

The  details  of  the  tests  and  the  final  results  follow: 

TEST    OF    REBOILER. 

After  the  water  leaves  the  condenser  it  enters  a  tank  known  as 
the  reboiler,  in  which  it  is  boiled  by  live  steam  entering  it  directly. 
The  test  was  made  to  determine  the  amount  of  this  live  steam 
injected.  Having  previously  determined  that  the  valve  controlling 
the  admission  of  steam  is  given  a  half-turn,  it  was  so  set  during  the 
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test.  A  flange  between  this  valve  and  the  reboiler  was  disconnected 
and  a  pipe  fitting  made  similar  to  the  one  running  into  the  reboiler 
which  conducted  the  steam  into  a  barrel  partially  filled  with  cold 
water,  this  latter  being  placed  on  a  platform  scale.  Steam  was 
allowed  to  run  into  this  water  for  various  lengths  of  time,  weighings 
being  taken.  Precautions  were  taken  that  no  condensed  steam  lay 
in  the  pipe.     For  general  arrangement  of  apparatus  see  Fig.  3. 

The  result  of  the  test  showed  a  consumption  of  steam  injected 
of  1,251  pounds  per  hour. 

DETERMINATION   OF    THE    STEAM    REQUIRED    TO    HEAT    THE    WATER 
SPRINKLED    ON    THE   CANS   IN    REMOVING    THE   ICE    FROM    THEM. 

A  small  Knowles  pump  was  used  to  supply  the  sprinklers,  the 
water  for  this  being  drawn  from  a  tank  which  is  constantly  re- 
plenished by  the  same  water  returning  from  the  sprinklers.  This 
water  is  heated  up  to  an  average  temperature  of  96  degrees  by  a 
half-inch  steam  injection. 

The  test  was  carried  on  in  a  similar  manner  to  the  reboiler  test, 
except  that  as  the  controlling  valve  was  not  set  at  a  constant  posi- 
tion, but  varied  from  one-half  turn  to  one-eighth,  it  was  necessary 
to  take  several  readings  with  the  valve  set  at  intermediate  positions 
and  obtain  an  average.  This  valve  is  open  at  an  average  of  six 
hours  per  day.  As  a  result  of  this  test  it  was  found  that  the 
sprinklers  used  200  pounds  of  steam  per  hour. 

TEST    OF    JET    BLOWERS. 

Four  jet  blowers  situated  under  the  boilers  were  run  at  an 
average  of  eight  hours  per  day,  the  valves  being  given  a  half-turn. 
During  the  test  the  jets  were  turned  outward  so  as  not  to  cause  too 
much  steaming,  as  very  little  steam  was  generated.  "  Schaefer's  " 
pump  alone  was  running,  for  which  a  correction  had  to  be  made 
The  boiler  pressure  was  preserved  at  the  normal  figure. 

The  test  showed  a  consumption  of  steam  by  the  blowers  of 
1,550  pounds  per  hour,  or  86,800  pounds  per  week. 
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TEST  TO   DETERMINE    THE    AMOUNT  OF    LIVE   STEAM    ADMITTED 

DIRECTLY    TO   THE   CONDENSERS. 

In  order  to  obtain  the  amount  of  live  steam  directly  injected 
into  the  condensers  it  was  necessary  to  run  everything  except  the 
engines  for  two  hours.  The  live-steam  valve  was  set  at  its  average 
position  for  the  week,  and  the  amount  of  condensed  steam  measured 
ofif  in  barrels  at  the  condenser.  The  live  steam  was  then  shut 
off  and  the  test  continued  for  an  hour.  The  difference  of  water 
consumed  per  hour  gave  the  amount  of  live  steam  injected. 

The  live  steam  was  also  found  by  taking  the  amount  remaining 
of  the  total  steam  when  that  used  by  all  other  sources  was  esti- 
mated. The  average  of  the  two  figures  thus  obtained  gave  304,100 
pounds  per  week. 

TOTAL  WEIGHT  OF   STEAM   USED   PER   WEEK   FOR   VARIOUS   PURPOSES. 

"Hiree  engines  driving  ammonia  compressors 929,300  pounds. 

"  Schaefer's  "  pump 58,400      *• 

Reboiler  for  distilled  water 106,700      •* 

Sprinklers  to  remove  ice  from  cans 8,400 

Blowers  to  produce  draft  at  boilers 86,800 

Sum 1,183,600 

Total  steam  for  all  purposes i  ,546.800 

Difference,  or  live  steam  admitted  directly  to  condensers 

plus  that  for  pumps,  elevator  and  agitator  engines..      363,200      *• 

Live  steam  admitted  directly  to  conden.sers 245,700 

Difference,  or  steam  for  pumps,  elevator  and  agitator 

engines 117,500      ** 

Equivalent  live  steam  if  ••  Schaefer*s  "  pump  had  not 
been  run,  and  the  steam  used  by  it  exhausted  di- 
rectly into  the  condenser,  245.700  4-  58,400  = 304,100 

QUANTITIES   IN   PER   CENTS.    OF  TOTAL   STEAM. 

Compressor  engines 60.  i  per  cent. 

Live  steam  admitted  directly  to  condensers 19.7 

Steam  for  pumps,  agitator  and  elevator  engines 7.6 

Live  steam  for  reboiling  distilled  water 6.5 

Steam  for  blowers  to  produce  draft  at  boilers 5.6 

Sprinklers  for  removing  ice  from  cans 0.5 


SOME   OBSERVATIONS   ON   SHOP  TRAINING. 


BY    WILLIAM    S.    ALDRICH,    '84. 


THAT  action  and  reaction  are  equal  and  in  opposite  directions 
has  been  operating  for  some  time  as  a  law  of  motion  in 
general  education.  It  might  be  more  proper  to  say  that  the  re- 
actions are  almost  equal  to  the  actions.  For  a  certain  conservatism 
soon  develops,  acting  as  a  retarding  force  whenever  the  question 
arises  (as  it  is  sure  to  do)  respecting  the  propriety  of  returning  to 
a  former  condition  of  affairs.  All  movements  have  their  day.  The 
pendulum-like  character  of  fads  and  fashions  finds  a  counterpart 
only  too  often  in  more  serious  matters. 

After  a  score  of  years  of  shopwork  as  a  factor  in  the  education 
of  the  mechanical  engineer,  its  expediency  has  come  to  be  ques- 
tioned by  the  rising  generation  or — the  falling  generation.  Those 
who  placed  shopwork  on  the  curriculum  had  not  had  it  that  way 
themselves.  They  obtained  their  knowledge  of  shopwork  by  shop- 
work;  from  7  to  12,  and  from  i  till  6,  ten  hours  a  day,  for  at  least 
fifty  weeks  of  the  year,  and  from  four  to  seven  years  of  the  most 
valuable  formative  period  of  their  lives,  from  an  educational  stand- 
point. It  seemed  to  them  that  it  was  a  good  idea,  which  some  one 
suggested,  that  perhaps  shopwork  and  methods,  if  not  also  princi- 
ples, might  be  taught  as  a  proposition  of  Euclid. 

The  fathers  of  technical  education  in  this  country  were  going 
to  prepare  better  ways  for  their  sons.  Instead  of  spending  six 
months  at  the  drill  press,  their  sons  should  learn  how  to  drill  a 
straight  hole  in  six  hours.  And  what  more  was  required?  Longer 
time  would  develop  a  certain  dexterity  and  resourcefulness,  often 
best  learned  in  country  repair  shops.  These,  with  the  skill  that 
comes   of  repeated    operations,  would   make   them   all  the   more 
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valuable  to  their  employers  if  engaged  all  their  lives  in  drilling 
holes;  but,  surely,  scarcely  more  valuable  to  themselves  in  the 
possession  of  the  "  know  how  "  of  working  the  drill  press. 

The  sons  have  now  come  to  the  point  of  thinking  for  themselves; 
and,  as  usual,  with  the  desire  to  make  matters  easier  for  their  sons, 
to  make  one  more  step  in  the  direction  of  gaining  the  royal  road  to 
learning.  Many  of  them  have  seen  how  little  use  they  have  had 
occasion  to  make  of  their  shop  training,  and  draw  the  conclusion 
that  it  might  advantageously  be  abridged,  or  even  abolished.  Perhaps 
they  would  substitute  the  "  inspection  method,"  a  plan  which  has 
its  earnest  advocates,  and  which  seems  quite  plausible  on  the  sur- 
face, if  not  a  few  strata  below  the  surface.  Others  have  gotten  into 
fields  of  work  requiring  all  the  knowledge  of  shopwork  they  ob- 
tained at  the  technical  school,  and  all  the  knowledge  they  could  get 
since,  often,  it  is  true,  by  their  own  adoption  of  the  **  inspection 
method,"  and  in  other  cases  by  actually  working  for  a  year  or  two 
in  the  shops  after  graduation. 

We  shall  not  enter  upon  the  discussion  of  these,  as  to  which  is 
the  best  post-graduate  plan  to  pursue  to  get  what  is  most  needed  in 
the  field  of  shopwork  or  supervision.  The  value  of  any  training 
in  handicraft  is  questionable,  after  21  years  of  age,  but  fully  recog- 
nized as  extremely  valuable  if  given  its  proper  period  in  the  growth 
of  the  boy — from  14  to  21  years.  With  advancing  years  adapta- 
tions to  new  muscular  movements  become  more  and  more  difficult, 
while  the  intellectual  grasp  increases,  at  least  it  ought  to;  and  the 
power  to  acquire  knowledge  by  observation  and  reasoning  processes 
opens  up  new  methods  with  each  succeeding  year. 

The  following  plans  have  been  tried  in  teaching  shopwork  in 
well-known  and  representative  technical  schools  throughout  the 
country: 

I.  The  "inspection  method,**  by  which  the  student  examines, 
measures,  sketches,  and  reports  upon  the  work  of  skilled  workmen 
in  some  selected  shop,  but  performs  no  actual  shopwork  himself. 
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2.  The  manual  training  method,  or  **  shop  exercise  "  system,  in 
which  the  student  is  carried  through  a  graded  series  of  exercises  in 
the  handling  of  shop  tools  and  appliances,  and  the  making  of  certain 
typical  forms  found  in  construction,  selected  as  being  representative 
of  the  method  of  handling  the  various  tools  in  working  the  principal 
kinds  of  materials  used  in  construction. 

3.  The  job-work  system,  in  which  the  student  is  engaged  en- 
tirely upon  the  construction  of  apparatus  and  machinery  for  use  in 
the  shops  of  the  school. 

4.  The  combination  of  the  exercise  and  the  job-work  systems 
whereby  the  student  is  taken  through  a  short  graded  course  of  shop 
exercises,  and  put  at  work  upon  making  appliances  for  the  shops  or 
laboratories  of  the  school  for  the  remainder  of  the  course. 

5.  The  manufacturing  shop  system,  in  which  the  student  at 
once,  or  very  soon  after  his  taking  up  shopwork,  begins  work  side 
by  side  with  skilled  mechanics,  under  their  continual  supervision 
and  instruction^  and  engaged  upon  the  manufacture  of  commercial 
articles,  as  well  as  machinery  for  the  shops  of  the  school. 

These  systems  and  their  several  variations  have  many  adherents 
in  the  different  manual  training  and  technical  high  schools  as  well 
as  in  the  engineering  schools.  Upon  a  close  study  of  the  school 
exhibits  at  the  World's  Fair,  it  became  apparent  how  the  manual 
training  idea  had  spread  during  the  last  ten  years,  and  with  a  re- 
markable uniformity  of  output.  Whether  the  early  schools  were 
right  or  wrong,  they  have  been  almost  literally  copied  in  the  details 
of  their  methods  and  exercises  for  shop  instruction.  It  will  appear 
however,  that  they  have  reduced  the  matter  to  a  definite  standpoint, 
so  far  as  the  exercise  is  concerned,  namely,  it  shall  be  purely  edu- 
cational in  its  nature.  If,  at  the  end  of  the  course,  it  becomes  a 
project  in  the  form  of  an  engine,  a  dynamo,  a  lathe,  a  bridge  model, 
or  a  stair  model,  it  is  with  the  idea  of  summing  up,  as  it  were,  the 
several  constructive  features  that  have  been  considered  in  detail 
during  the  three  years'  course  of  shopwork. 
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Manual  training  being  the  production  of  fundamental  form  in 
material  by  the  direct  use  of  a  hand  tool,  it  has  developed  as  a 
branch  of  public  education  with  wonderful  rapidity  since  its  first 
inception,  about  ten  years  ago.  It  limits  logically-developed  courses 
of  shop  instruction  strictly  to  the  educational  value  of  such  instruc- 
tion by  not  entering  the  industrial,  commercial,  or  trade  elements 
which  are  invariably  connected  therewith.  These  latter  are  prop- 
erly brought,  to  a  very  limited  and  guarded  extent,  however,  into 
a  course  of  instruction  in  the  mechanic  arts  of  our  technical 
schools. 

Underlying  all  the  constructive  arts  are  the  fundamental 
geometric  forms,  such  as  the  circle  and  polygons,  and  the  three 
round  bodies,  sphere,  cone,  and  cylinder,  with  the  helical  or  screw 
surface.  In  relation  to  the  constructive  arts,  therefore,  the  first 
work  of  manual  training  properly  takes  up  the  production  of  these 
fundamental  forms  with  the  fundamental  tools  used  in  working  the 
material  selected  for  the  embodiment  of  the  form;  and,  with  such 
treatment  of  the  material  in  each  case,  as  shall  fully  acquaint  the 
student  with  the  characteristics  of  that  material,  and  the  ordinary 
capabilities  of  the  tool  used  in  working  the  same. 

The  uniformity  of  output  of  the  manual  training  schools,  as 
exhibited  at  the  World's  Fair,  may  be  accounted  for,  in  part  at 
least,  by  their  avowed  selection  of  fundamental  constructive  forms, 
and  these,  too,  as  nearly  as  possible  along  geometric  lines.  They 
endeavor  to  reach  down  to  the  bottom  of  the  matter,  to  begin  at 
the  **  A  B  C  "  of  construction,  and  build  a  part  of  the  foundation 
course.  In  this  way  such  schools  offer  the  best  possible  prepara- 
tion for  the  schools  of  technology,  at  least,  so  far  as  shop  training 
goes;  and,  in  many  instances,  their  collateral  studies  are  as  well 
adapted  to  prepare  for  entering  the  school  of  technology,  as  more 
pretentious  courses  in  the  adjacent  city  high  schools.  Manual 
training  schools  are  becoming  feeders  for  our  technical  schools.  Is  it 
probable  that  the  present  effort  to  reduce  the  shopwork  in  the  latter 
comes  from  a  belief  that  almost  all  of  the  necessary  shopwork  is 
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so  well  undertaken  and  carried  through  by  the  manual  training 
schools  ? 

If  all  students  entering  the  technical  school  for  their  profes- 
sional courses  had  had  their  preparatory  courses  in  the  manual 
training  schools,  certainly  the  shop  courses  of  the  former 
might  be  advantageously  altered  to  meet  these  changed  conditions, 
and  altered  so  as  to  give  more  attention  to  the  development  of  con- 
structive mechanics  than  is  possible  at  present.  More  thorough 
preparation  is  what  is  called  for  on  all  sides.  In  the  matter  of  shop 
training  it  is  almost  impossible  to  advance  further  than  at  present, 
for  the  simple  reason  that  many  students  come  to  the  technical 
school  with  no  previous  knowledge  of  the  handling  of  tools  and  of 
the  '^  resistance  of  material."  An  eminent  authority  has  remarked 
that  those  students  who  had  worked  in  the  shops  before  coming  to 
the  technical  school  were  not  so  far  advanced  as  they  thought  they 
would  be,  in  this  line,  as  almost  all  of  their  previous  work  had  been 
done  with  no  previous  idea  of  its  being  made  educational,  so  that 
much,  if  not  all,  had  to  be  carefully  developed  from  the  first  prin- 
ciples, even  as  in  manual  training. 

From  whatever  point  it  is  viewed,  the  training  given  in  the  rep- 
resentative manual  training  schools  to-day,  is  most  admirably  adapted 
to  form  the  foundation  for  the  shopwork  of  the  technical  schools. 
Why  not  make  it  a  requirement  for  admission  ?  If  we  wish  to  have 
more  time  to  give  to  applied  mathematics  in  a  course  of  technology, 
we  raise  the  requirements  in  pure  mathematics.  The  same  may  be 
said  of  every  branch  of  study.  Require  previous  training  in  shop- 
work,  and  it  will  be  met.  It  can  as  well  be  supplied,  to-day,  as  any 
course  of  study.  The  fact  is,  that  whatever  higher  education  has 
required  for  admission  to  its  courses,  lower  education  has  prepared  for. 

The  following  is  quoted*  as  a  matter  of  interest,  in  relation  to 
one  of  the  oldest  and  most  thoroughly  representative  manual  train- 
ing schools: 

*  Philadelphia  Public  Ledger, 
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**  Seventy  per  cent,  of  the  three  hundred  i^raduates  are  em- 
ployed in  occupations  requiring  a  high  degree  of  intelligence,  as 
well  as  skill  of  hand;  and  twenty-five  per  cent,  have  been  so 
inspired  with  a  desire  for  higher  education,  that  they  have  become 
students  in  colleges,  universities,  and  technical  schools.  The  oldest 
graduates  left  the  school  only  six  years  ago,  yet  of  that  first  class 
fourteen  out  of  fifty-seven  are  superintendents  or  managers  of  in- 
dustrial establishments;  others  are  in  business  for  themselves,  or 
are  employed  as  draughtsmen,  teachers,  civil  engineers,  etc.,  no  less 
than  thirty-seven  being  employed  in  occupations  for  which  their 
school  training  specially  fitted  them.  It  must  not  be  inferred  that 
the  other  twenty  have  not  been  benefited  by  their  school  training, 
for  every  one  of  the  class  is  in  honorable  employment,  or  is  a 
student  in  higher  schools;  all  are  accounted  for.  The  same  thing 
may  be  said  of  the  other  classes,  except  that,  the  graduates, 
being  younger,  are  in  somewhat  less  responsible  positions,  and  a 
larger  proportion  are  still  students." 

Passing  now  to  the  other  end  of  the  line,  we  note  the  Worcester 
Polytechnic  Institute  as  standing  for  the  longest  while  at  the  head 
and  front  of  the  manufacturing  shop  system.  At  a  recent  date  the 
opinions  of  its  graduates  on  the  subject  of  reducing  its  shop  courses 
were  collected  and  published  in  pamphlet  form.  Some  of  the  re- 
plies are  interesting  and  valuable.  Says  one:  "When  I  came  to 
designing  machinery,  I  found  that  I  had  none  too  much  shop 
practice.  One  cannot  become  a  good  draughtsman  unless  he 
is  well  acquainted  with  the  pattern  shop,  foundry,  and  machine 
shop.  The  chief  failing  of  the  draughtsmen  with  whom  I  have  had 
to  do  has  been  their  lack  of  experience  in  the  shop."  Another, 
from  large  experience  gained  at  home  and  abroad,  replied:  "All 
have  heartily  indorsed  the  great  and  vital  importance  of  combining 
with  a  technical  education  a  large  amount  of  shopwork,  and  nearly 
all  have  regretted  that  they  have  not  had  more."  Still  another  says: 
"  What  we  need  is  not  men  who  are  extraordinary  mathematicians 
and  fancy  draughtsmen,  but  men  who  have  had  some  experience  as 
mechanics,  and  know  how  to  put  everything  on  a  drawing  that  be- 
longs there,  in  a  clear  and  complete  manner." 


22  Some  Observatiovs  on  Shop  Training, 

With  the  growing  demands  of  the  mechanical  laboratory  in  the 
technical  school,  the  ever-present  demands  of  every  department  for 
more  time,  it  would  seem,  at  first  sight,  that  perhaps  shopwork  might 
be  abridged,  or  even  left  to  the  manual  training  school;  but  such  a 
course  will  be  fatal.  Aside  from  the  mathematical  preparation 
required  for  laboratory  work,  the  next  best  comes  from  the  shop. 
Experimental  mechanics  is  greatly  indebted  to  thorough  preparation 
in  constructive  mechanics.  This  phase  of  the  question  has  not  yet 
had  time  to  develop  itself  in  practical  engineering  life;  it  is  too 
soon.  The  aid  which  shopwork  has  given  to  constructive  drawing 
is  invaluable  and  ever  recognized. 

We  doubt  not  that  the  remarkable  exhibit  of  the  Germans,  at 
the  World's  Fair,  compared  with  their  insignificant  exhibit  at  the 
Centennial,  has  been  due  in  no  small  degree  to  the  spreading 
influence  of  their  technically  educated  young  men  into  the  shops 
and  factories.  Not  long  ago,  it  is  reported  that  a  noted  German 
manufacturing  establishment  put  out  the  sign:  '*No  technical 
graduates  need  apply."  What  has  been  the  result,  not  only  in  this 
instance,  but  in  many  of  a  similar  nature  ?  Technical  graduates 
have  not  forced  themselves  where  not  wanted,  but  have  gone  into 
the  shops,  shipyards,  etc.,  and  have  become  a  power  for  good  in 
bringing  their  knowledge  and  methods  to  bear  in  the  most  needed 
fields. 

Not  less  shopwork,  but  more ;  not  less  time  given  to  it,  but 
more;  not  a  lowering  of  one  of  the  important  branches  of  the 
young  engineer's  training,  but  a  decided  raising  of  its  standards.  It 
appears,  also,  that  the  manual  training  school  may  be  found  a  useful 
preparation  for  the  technical  school;  that  in  this  way,  more  ad- 
vanced work  may  be  taken  in  hand  in  the  technical  course;  more 
approach  made  to  the  competitive  conditions  of  manufacturing; 
and  that  it  maybe  possible,  in  this  way,  to  introduce  the  "shop- 
order  "  system  of  work  and  accounts  in  present  technical  schools. 


CURIOUS  CUSTOM-HOUSE   RULINGS. 


IT  is  probably  well  known  that  for  the  aid  and  encouragement  of 
institutions  of  education,  most  of  which  have  been  founded  and 
are  supported  by  the  munificence  of  private  individuals,  Congress 
long  ago  passed  acts  intended  to  remit  duties  on  articles  imported 
from  abroad  for  the  use  of  such  institutions  in  their  work  of  instruc- 
tion. Until  quite  recently  this  intention  of  Congress  has  been 
carried  out  by  the  officers  of  the  Treasury  Department  in  a  rational 
way,  so  as  to  secure  the  object  aimed  at,  as  far  as  possible ;  but 
recently  some  very  curious  rulings  and  decisions  have  been  made, 
which,  as  specimens  of  intelligent  discrimination,  are  worthy  of 
being  put  on  record. 

For  example,  it  has  been  decided  that  while  chemical  liquids  or 
solids  may  be  imported  free  for  the  use  of  the  chemical  department 
of  a  college,  duty  must  be  paid  on  the  bottles  containing  them,  if, 
as  is  of  course  necessary  in  many  cases,  these  bottles  are  of  glass. 

Again,  while  glass  beakers,  test  tubes  and  the  like  may  come  in 
free  to  colleges,  funnels  must  pay  45  per  cent,  duty,  and  racks  for 
holding  the  test  tubes  while  in  use,  must  pay  35  per  cent.,  evap- 
orating dishes  55  per  cent.,  and  filter  papers  15  per  cent. 

The  reason  for  this  distinction  given  in  certain  instances  is  as 
amusing  as  the  discrimination  is  wonderful.  It  is  because  the 
dutiable  articles  dififer  from  the  others  in  failing  to  **  develop  and 
exhibit  natural  forces." 

It  will  be  a  good  subject  for  a  scientific  thesis,  we  think,  to  ex- 
plain in  what  way  a  beaker  glass  "  exhibits  and  develops  a  natural 
force"  which  a  funnel  or  evaporating  dish  fails  to  show. 

There  may  be,  of  course,  some  occult  motives  of  policy  under- 
lying these  rulings  and  decisions,  but  for  the  credit  of  those 
concerned  it  is  unfortunate  that  on  their  face  they  should  carry 
such  an  aspect  of  fatuity.  H.  M. 


REVIEW  AND  EXPERIMENTAL  DETERMINATION  OF  THE 

TRANSMISSION  OP  HEAT  PROM  STEAM  TO  WATER 

THROUGH  COILS  OP  IRON  PIPE. 


BY  HENRY  G.  C.  KOPP,  '93,  AND  FRED.  J.  MEYSTRE,  '93.* 


THIS  review  was  undertaken  in  order  to  collect  and  establish 
reliable  data  on  the  abstraction  of  heat  from  steam  by  water. 

In  condensing  and  steam-heating  apparatus  the  most  common 
forms  of  the  surface  of  conduction  are  those  of  metallic  plates,  as 
in  double-bottom  boilers,  and  of  coils. 

At  first  sight,  it  may  appear  as  if  a  square  foot  of  condensing 
surface  ought  to  produce  the  same  results,  whether  in  the  form  of 
plate  or  pipe.  But,  in  reality,  there  are  points  of  difiPerence  which 
materially  affect  the  results  obtained.  Plates  being  usually  smoother 
than  piping,  the  transmission  of  heat  is  less  rapid  in  the  former, 
and  consequently  the  condensing  power  is  less. 

In  plates  or  double  bottoms  there  is  a  greater  chance  of  air 
being  mixed  with  the  steam,  this  being  very  detrimental  to  the  con- 
densing power  of  the  surface.  Pipe  surfaces,  only,  will  therefore 
be  considered.  The  condensing  power  of  a  given  area  depends 
upon  the  material  of  which  the  pipe  is  made,  its  thickness,  the  dif- 
ference between  the  temperature  of  the  steam  contained  in  the 
pipes  and  that  of  the  liquid  to  be  heated,  and  upon  whether  both 
ends  of  the  coil  are  in  communication  with  the  boiler,  or  whether 
one  end  is  open  to  the  atmosphere. 

When  one  end  of  the  coil  is  open  to  the  atmosphere  the  press- 
ure of  the  steam  in  the  coil  gradually  diminishes  from  the  receiving 
to  the  open  end,  causing  a  corresponding  decrease  in  the  tempera- 
ture of  the  steam,  and  consequently  less  heat  is  transmitted  through- 
the  coil. 

*  Abstract  from  graduation  thesis. 
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In  order  to  get  the  exact  amount  of  heat  transmitted  it  is  neces- 
sary to  rely  only  on  the  results  of  direct  experiments,  as  theoret- 
ical assumptions  scarcely  agree  with  practical  conditions. 

From  all  available  records,  it  appears  that  copper  has  been  the 
metal  most  frequently  employed  in  previous  experiments  to  deter- 
mine the  condensing  power  of  pipe  surface  under  different  conditions. 

TESTS   MADE   WITH   COPPER   COILS. 

Experiments  have  been  conducted  by  MM.  Laurens  and 
Thomas,  in  which  the  coil  employed  was  copper,  137  feet  9.5  inches 
long,  1.34  inches  outside  diameter,  having  a  surface  of  48.25  square 
feet.  During  the  test,  steam,  at  a  pressure  of  30  pounds  above  the 
atmosphere,  was  admitted  into  the  coil  which  was  submerged  in  880 
pounds  of  water,  the  temperature  of  which  was  44.4**  Fahr.  In  four 
minutes  the  water  boiled,  and  in  eleven  minutes  more  550  pounds  of 
water  had  been  evaporated.  The  condensing  power  of  the  surface 
was  measured  by  the  work  done,  the  amount  differing  considerably 
during  the  two  operations  mentioned. 

During  the  first  four  minutes  the  work  was  done  in  heating  the 

water  and  amounted  to 

(212  —  44.4)  880  thermal  units, 

which,  per  square  foot  per  hour,  reduces  to 

(212  —  44.4)  880  X    60  ,   ,  O       U     4.        * 

^ -—-- pound  degrees  =  45850  heat  units. 

48.25  X  4 

M.  Peclet  is  authority  for  the  statement  that  the  transmitting 
power  varies  directly  as  the  difference  of  temperature  on  the  two 
sides  of  a  metal  surface. 

Therefore,  we  get  for  a  difference  of  one  degree  between  the 
temperatures  of  the  steam  and  water,  taking  a  mean  between  the 
initial  and  final  temperatures  of  the  water  as  its  condensing  tem- 

(274.4—128.2) 

In  the  second  operation,  550  pounds  were  evaporated  at  212 
degrees.  The  total  heat  of  steam  at  212  degrees  being  11 78.6  de- 
grees, there  were 
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(1178.6  —  iia)  X  550  =  9*6.6  X  550  =  531630  B-  T.  U., 
giving  as  a  fiaal  result 

-= 531630  X  60 ^  ^ 

48.25  X  II  X  (374.4  —  212)        "  •* 

Another  series  of  experiments  was  undertaken  by  M.  Havrcz 
{Revue  Universelle,  January,  1868),  in  which  a  copper  coil,  T.57  inches 
diameter,  having  an  exposed  surface  of  5.85  square  feet,  was  used. 
His  results  differ  materially  from  those  of  Laurens  and  Thomas, 
this  being  accounted  for  by  the  fact  that  the  coil  was  incrustcd  to 
some  extent. 

The  amount  of  steam  used  was  obtained  by  weighing  the  water 
of  condensation. 

The  preceding  and  other  experiments  made  by  M.  Havrez  are 
given  in  the  following  table: 

Comparison  of  Results  Obtained  During  Experiments  on  Heating  by 
Steam  Pipes 
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TESTS    MADE    WITH    IRON    COILS. 

Few  tests  have  been  made  on  the  transmission  of  heat  through 
iron  coils,  copper  being  more  generally  used  owing  to  its  greater 
conductivity. 

Messrs.  A.  M.  Perkins  &  Son,  in  making  experiments  on  th^ 
subject,  found  that  wrought-iron  pipes,  supplied  with  steam  at  a 
pressure  of  too  pounds  per  square  inch,  and  immersed  in  water  at 
a  temperature  of  212  degrees,  will  condense  per  hour,  for  every  2 
square  feet  of  immersed  surface,  the  steam  resulting  from  the 
evaporation  of  a  cubic  foot  of  water. 

If,  however,  the  steam  be  supplied  at  10  pounds  pressure,  10 
square  feet  of  surface  will,  under  similar  conditions,  be  required  to 
condense  the  same  weight  of  steam,  this  being  the  result  partly  of 
the  greater  difference  in  temperatures  of  steam  and  water,  in  the 
former  than  in  the  latter  case,  and  also  to  the  fact  that  steam  at  10 
pounds  must  part  with  a  greater  amount  of  heat  during  condensa- 
tion than  if  at  100  pounds. 

They  obtain  for  the  values  of  the  heat  transmitted  per  hour  per 
square  foot  per  i  degree  difference  of  temperature,  215  and  208.2 
B.  T.  U.  respectively. 

Thos.  Box,  in  his  treatise  on  "  Heat,**  reports  an  experiment 
made  by  himself  in  which  he  used  a  thin  welded  tube  of  wrought 
iron,  1.5  inches  outside  diameter  and  about  one-sixteenth  inch 
thick,  fixed  vertically  in  a  vessel  of  water,  12  inches  square,  and 
3  feet  7  inches  deep  in  the  water,  steam  being  so  admitted  as  to 
preveat  the  carrying  over  of  any  priming  from  the  boiler.  The 
vertical  pipe  was  supplied  with  an  air  vent  at  the  top.  By  means 
of  an  open  cock  at  the  bottom  of  the  pipe  the  condensed  steam  was 
continually  drawn  off. 

The  weight  of  the  condensing  water  was  223  pounds,  and  was 
stirred  well  to  produce  uniformity  of  temperature.  The  exposed 
surface  of  the  tube  was  1.4  square  feet.  In  one  experiment  the 
water  was  raised  from  65  degrees  to  no  degrees  m  15  minutes,  and 
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10. 3i8  pounds  of  steam  were  condensed.  The  mean  temperature 
of  the  water  was  87.5  degrees.  The  difference  between  that  and 
the  temperature  of  the  steam  was  1245  degrees,  giving  as  heat 
transmitted,  230  B,  T.  U,  per  hour,  per  square  foot,  per  r  degree  of 
difference. 

Two  other  experiments  gave  207  and  zro  respectively. 

Using  the  values  obtained  in  the  experiments.  Bos  developed 
an  approximate  curve  from  which,  in  turn,  he  obtained  values  for 
other  temperatures,  as  given  in  the  following  table: 


M.  Havrez  made  experiments  on  a  cast-iron  boiler  having  a 
double  bottom.  Its  dimensions  were  18.5  inches  in  diameter,  13.5 
inches  deep,  having  a  jacketed  surface  of  6.576  square  feet. 

His  tests  resulted  as  follows: 
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The  results  of  all  the  foregoing  experiments  have  been  collected 
in  the  following  table; 
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From  the  above  it  would  appear  that  the  efficiency  of  iron  sur- 
faces is  less  than  that  of  copper  coils,  plate  surfaces  being  far  in- 
ferior. 
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In  all  experiments  made  up  to  the  present  time,  it  appears  that 
the  temperature  of  the  condensing  water  was  allowed  to  rise,  a 
mean  between  the  initial  and  final  temperatures  being  accepted  as 
the  efiPective  temperature.  But  as  water  becomes  warmer  it  circulates 
more  rapidly,  thereby  causing  the  water  surrounding  the  coil  to 
become  agitated  and  replaced  by  cooler  water,  which  allows  more 
heat  to  be  transmitted. 

Again,  m  accepting  the  mean  temperature  as  that  of  the  con- 
densing medium,  the  assumption  is  made  that  the  rate  of  condensa- 
tion is  in  direct  proportion  to  the  temperature  of  the  condensing 
water. 

In  order  to  correct  and  avoid  any  error  arising  from  these 
assumptions  and  approximations,  the  following  experiments  were 
undertaken,  in  which  all  the  conditions  were  constant,  especial 
attention  being  paid  to  the  temperature  of  the  condensing  water 
which  was  constant  during  any  one  test.  Two  series  of  experi- 
ments were  made,  one  in  which  the  steam  pressure  was  maintained 
at  60  pounds  above  the  atmosphere,  and  the  other  in  which  the 
pressure  was  10  pounds  above  the  atmosphere. 

The  work  of  arranging  the  apparatus  necessary  to  make  the 
experiments  was  begun  in  the  basement  of  Stevens  Institute,  in  the 
latter  part  of  March,  and  the  experiments  occupied  a  period  of  two 
months,  working  seven  hours  daily. 

Each  series  consisted  of  several  tests  made  with  the  tempera- 
ture of  the  condensing  water  varying  by  20  degrees  from  80  degrees 
to  200  degrees  inclusive,  the  results  being  given  in  the  following 
pages. 

DESCRIPTION    OF    APPARATUS. 

The  apparatus  used  in  the  tests  was  designed  to  secure  the 
greatest  possible  accuracy  in  obtaining  the  data  necessary  for  cal- 
culating the  results. 

The  main  considerations  were  the  maintenance  of  a  uniform 
pressure  throughout  the  coil,  providing  at  the  same  time  for  the 
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free  outflow  of  the  condensed  steam,  in  order  to  obtain  at  all  times 
the  full  efficiency  of  the  conducting  surface. 

A  second  requirement  was  a  continual  stirring  of  the  con- 
densing water  in  order  to  secure  uniformity  of  temperature,  the 
temperature  of  the  latter  being  regulated  by  means  of  a  steam  pipe, 
shown  at  A,  Fig.  1,  passing  directly  from  the  boilers  to  the  bottom 
of  the  tank,  and  by  a  cold-water  pipe  C,  emptying  into  the  top. 
The  tank  B  was  7  feet  high  and  5  feet  in  diameter.  The  stirring 
was  accomplished  by  drawing  the  water  from  the  bottom  of  the 
tank,  at  D,  and  returning  it  to  the  top  through  a  branched  pipe  £, 
for  which  purpose  a  steam  pump  F  was  employed. 

The  coil  G  consisted  of  standard  wrought-iron  piping  i  inch 

in  diameter,  arranged  in  four  loops,  each  being  2  feet  10  inches 

long,  having  an  entire  exposed  exterior  surface  of  9.36  square  feet. 

It  was  submerged  in  the  centre  of  the  tank  B,  steam  being  admitted 

through  the  valve  H,at  its  upper  extremity,  and  passing  out  through 

the  lower  extremity  at  the  side  of  the  tank  at  I.     To  secure  the 

free  outflow  of  the  condensed  steam,  a  "  water-glass "   J   was  so 

arranged  at  the  outlet  I  that,  by  throttling  at  K,  the  level  of  the 

water  in  the  glass  could  be  maintained  constant,  thus  preventing 

any  variation  of  pressure  in  the  coil  G,  and  any  steam  from  passing 

through.   After  passing  through  the  water-glass  the  condensed  steam 

was  led  directly  into  a  weighing  barrel  L. 

The  steam  for  the  coil  was  led  from  the  boilers  past  a  drip  M, 

and  then  over  a  row  of  Bunsen  burners  N,  in  order  to  prevent  the 

possibility  of  any  water  being  carried  over  from  the  boilers.     The 

steam  was  slightly  superheated  so  that  the  total  heat  at  the  given 

pressure  could  be  accurately  ascertained. 

Thermometer  cups  O  were  placed  at  the  entrance  of  the  coil 
to  obtain  the  temperature  of  the  steam,  at  the  outlet  P  of  the  con- 
densed steam,  and  at  the  outlet  of  the  tank  D.  A  steam  gauge  was 
also  placed  at  O. 

The  height  of  the  water  in  the  tank  B  was  maintained  constant, 
the  long  water-glass  R  being  used  for  this  purpose. 
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METHOD  OF   CALCULATION. 

In  the  heating  of  water  by  steam,  the  abstraction  of  heat  from 
the  steam  causes  condensation,  the  quantity  of  water  produced  in 
this  way  being  a  direct  measure  of  the  amount  of  heat  transmitted, 
since  the  number  of  thermal  units  absorbed  by  the  condensing 
water  will  be  equivalent  to  the  number  which  would  be  required  to 
raise  the  temperature  of  the  condensed  steam  to  the  boiling  point 
corresponding  to  the  given  pressure,  evaporate  it,  and  then  raise 
the  vapor  through  the  number  of  degrees  of  superheating.  There- 
fore, letting 

T^j  be  the  temperature  of  steam  before  entering, 
T^  be  the  temperature  of  saturated  steam, 
7^3  be  the  temperature  of  the  condensed  steam, 
T^  be  the  temperature  of  the  condensing  water, 
h,  be  the  latent  heat  of  evaporation, 
S  be  the  number  of  square  feet  of  radiating  surface, 
.48  be  the  specific  heat  of  gaseous  steam, 
Q  be  the  number  of  pounds  of  steam  condensed  in  /  minutes  at 
constant  pressure,  the  heat  transmitted  in  any  given  time  /  will  be 

[{r,  -  r,)  .48  +  >&,  +  (r,  -  7-3)]  x  Q. 

Then  the  number  of  thermal  units  transmitted  from  the  steam 
to  the  water,  per  hour,  per  square  foot  of  surface,  for  a  difference  of 
one  degree  between  the  condensing  water  and  the  steam,  will  be 

60 <?  -,  (r,  -  r,).48  +  /i.  +  (r,-r3) 
St  {T^-T,) 

The  values  of  h^  and  T^  are  taken  from  a  table  of  the  proper- 
ties of  saturated  steam. 

In  making  the  tests  each  run  was  of  20  minutes  duration. 
Readings  were  taken  every  five  minutes,  the  average  being  substi- 
tuted in  the  formula.  The  averages  of  the  first  series  of  tests  are 
reported  in  the  following  table: 
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Table  II. — Results  of  Experiment  I. 

Steam  Inside  a  Coil  of  One-Inch  Standard  Iron  Pipe  and  Condensing 

Water  on  the   Outside  of  the   Same.     Pressure  of  Steam 

60  Pounds  Per  Square  Inch  above  the  Atmosphere 
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A  graphical  representation  of  the  results  of  Experiment  I.  is 
given  in  Fig.  2. 
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EXPERIMENT    II. 

In  obtaining  the  results  at  10  pounds  pressure,  a  second  coil 
was  used  consisting  of  piping  ij4  inches  in  diameter  arranged  in 
6.5  turns  of  16  inches  in  diameter.  This  was  the  only  change  from 
the  first  apparatus  described,  all  the  connections  being  as  previously 
explained.  This  change  was  made  as  the  latter  coil  was  better 
adapted  for  use  in  other  tests,  to  be  described  in  subsequent  pages. 
The  results  obtained  with  this  coil  are  given  in  Tables  III.  and  IV. 
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Table  III. — Data  Taken  During  Expbkiubnt  II. 

Sltam  Inside  a  Coil  of  1%-Inch  Iron  Pipe  and  Condensing  Water  o, 

the  Outside  of  the  Same,    Pressure  of  Steam  la  Pounds  per 

Square  Inch  above  Ike  Atmospkere, 
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TABLE  IV.— Results  c 
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A  graphical  representation  of  the  results  of  Experiment  II. 
is  given  in  Fig.  3. 
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EXPERIMENT    III. 

A  series  of  experiments  was  made  in  which  the  relative  posi- 
tions of  the  steam  and  condensing  water  were  reversed. 

The  coil  used  in  the  second  experiment  was  encased  in  a  cast- 
iron  cylinder,  shown  in  the  drawing  at  S,  Fig.  4,  and  the  condensing 
water  was  pumped  through  it  from  the  tank  B.  The  temperature 
of  the  condensing  water  was  regulated  in  the  tank  B.     The  steam 
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was  admitted  from  the  boiler  into  the  cylinder  at  H,  under  a  press- 
ure of  ID  pounds  above  the  atmosphere,  the  same  precautions  being 
taken  as  in  the  first  two  experiments  to  prevent  the  carrying  over 
of  moisture  in  the  steam.    A  water-glass  J  was  arranged  in  the 

Table  V. — Data  Taken  During  Experiment  III. 

Steam  Out  side  of  a  Coil  of  ly^-Inch  Iron  Pipe  and  Condensing  Water 

on  the  Inside  of  the  Pipe,     Pressure  of  Steam  lo  Pounds 

per  Square  Inch  above  the  Atmosphere, 
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bottom  of  the  cylinder  S,  and  the  condensed  steam  was  drawn  off 
into  a  MTcighing  barrel  L  as  fast  as  it  accumulated,  without  chang- 
ing the  pressure  in  the  cylinder. 

In  order  to  prevent  radiation  from  the  cylinder  into  the  air,  it 
was  carefully  encased  in  2  inches  of  hair  felt.  This  thoroughly  in- 
sulated it,  a  test  for  radiation  showing  that  the  correction  for  the 
same  could  be  neglected. 
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The  necessary  readings  were  taken  for  the  temperature  of  the 

condensing  water,  at  the  entrance  R  of  the  coil,  for  that  of  the 

condensed  steam,  at  the  exit  P  from  the  water-glass,  and  for  the 

temperature  and  pressure  of  the  steam  at  O,  its  entrance  into  the 

Table  VI. — Results  op  Bxpekikekt  III. 
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cylinder-  The  details  of  the  arrangement  are  shown  in  the  drawing, 
A  being  the  steam  pipe  for  heating  the  condensing  water,  C  the 
water  pipe  arranged  for  the  regulation  of  the  temperature  of  the 
condensing  water.  The  water  was  pumped  from  the  tank  at  D  and 
returned  through  E  by  the  pump  F- 

The  results  of  the  tests  are  given  in  Tables  V,  and  VI. 
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A'graphical  representation  of  the  results  of  Experiment  III.  i 
fpven  in  Fig.  5. 
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The  curves  drawn  from  the  results  of  Experiments  I.  and  II., 
in  which  the  steam  is  inside  the  coils,  indicate  that  the  heat  trans- 
mitted, for  a  degree  of  difference  between  the  temperatures  of  the 
steam  and  the  condensing  water,  increased  as  the  temperature  of 
the  condensing  water  increased. 

Experiment  III.,  in  which  the  steam  is  outside  the  coil,  does 
not  furnish  a  regular  increasing  law  as  in  the  preceding  cases.     It 
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will  be  observed  on  comparing  Figs.  2,  3,  and  5  that  the  total 
amount  of  heat  transmitted  per  square  foot  per  hour  per  degree 
difference  of  temperature  increases  in  general  with  an  increase  of 
temperature  of  the  condensing  water,  but  it  appears  that  the  rate 
does  not  increase  as  fast  at  the  higher  temperatures  in  the  case 
where  the  steam  is  on  the  outside  of  coil  as  it  does  with  steam  on 
the  inside  of  the  same,  and  in  one  case  there  is  a  slight  decrease. 

The  amount  transmitted  is  much  larger  with  the  steam  on  the 
outside  of  the  coil  than  with  steam  inside  the  coil.  This  may  be 
explained  in  part  by  the  fact  that  the  condensing  water  when  inside 
the  coils  flows  over  the  surface  of  conduction  very  rapidly,  and  is 
more  efficient  for  cooling  than  when  contained  in  a  tank  outside  of 
the  coil. 

This  result  is  in  accordance  with  that  found  by  Mr.  Thomas  Crad- 
dock  (D.  K.  Clark,  p.  461,)  at  an  early  period,  which  indicated  that 
the  rate  of  cooling  by  transmission  of  heat  through  metallic  surfaces 
was  almost  wholly  dependent  on  the  rate  of  circulation  of  the  cool- 
ing medium  over  the  surface  to  be  cooled. 

In  addition  to  the  series  of  tests  made  on  the  coil  at  to  pounds 
pressure  of  steam  outside  of  the  coil,  a  second  series  of  tests  was 
made  with  steam  at  60  pounds  pressure  in  the  interior  of  the  coil, 
for  the  purpose  of  comparison  with  Experiment  I.,  in  which  a  coil 
I  inch  in  diameter  was  employed. 

Tables  VII.  and  VIII.  give  the  data  and  results  derived  from 
these  experiments.     Figure  6  gives  a  graphical  representation  of 

« 

the  results  of  this  latter  experiment,  and  shows  a  higher  efficiency 
for  all  temperatures  beyond  140*^  Fahr.,  for  the  helical  coil  of  i^- 
inch  pipe,  while  below  that  value  the  loop  coil  af  i-inch  pipe  used  in 
Experiment  I.  is  more  efficient.  This  is  probably  due  to  the 
different  stages  of  corrosion  of  the  two  coils,  and  also  to  the  fact 
that  the  surfaces  were  not  alike  as  regards  smoothness.  However, 
by  referring  to  the  curve  in  Fig.  6  and  the  tables,  it  is  seen  that 
the  general  law  derived  from  the  previous  experiments  is  applicable 
to  the  later  one — /.  ^.,  the  rate  of  transmission  per  degree  of  differ- 
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I 

1 

'^!i 

!k 

% 

* 

¥ 

£ 

5 
H 

r 

w 

It 

, 

lOS.S 

310.5 

386.5 

343.35 

60.0 

311. 5 

387.3 

350.65 

»76.7 

4 

309- s 

383. 0 

334.00* 

5 

140. 

311.0 

ago.o 

333.00 

6 

139.3 

313.0 

383.7 

330.65 

7 

160. 

310.0 

»83.S 

316.30 

60.0 

8 

tto. 

60.0 

185.3 

311.3 

180. a 

310.3 

287.0 

316.65 

60.9 

308.0 

aSs.o 

319.00 

60.7 

12 

fl03.3 

310.8 

393.3 

2»4-3o 

Table  V III.— Results  of  Experiment  IV. 

Steam   Inside  a  Coil  of  ly^-Inch  Iron  Pipe  and  Condensing  Water  0 
the  Outside  of  the  Same.     Pressure  of  Steam  60  Pounds 
per  Square  Inch  above  the  Atmosphere. 
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ence  between  the  temperatures  of  the  condensing  water  and  the 
steam  increases  with  the  increase  of  temperature  of  the  condensing 
water,  while  the  actual  amount  of  steam  condensed  per  hour 
decreases. 


The  results  of  the  investigation  as  a  whole  go  to  prove  that 
while  the  general  law  of  transmission  as  determined  by  earlier  ex- 
perimenters is  confirmed,  the  values  obtained  by  them  are  too  great 
for  ordinary  conditions  of  surfaces. 


THE    ANALYSIS    OF    LUBRICATING    OILS    CONTAINING 

*< BLOWN"    RAPE.SEED    AND    *« BLOWN" 

COTTON-SEED    OILS.* 


BY   PROF.   THOMAS   B.   STILLMAN,  PH.  D. 


RAPE-SEED  oil  has  long  been  the  standard  oil  in  Europe  for 
lubrication.  Its  constancy  of  viscosity  at  varying  tempera- 
tures, its  non-liability  to  acidity  as  compared  with  other  seed  oils, 
and  its  low  cold  test,  unite  in  producing  the  results  required  of  a 
good  lubricant.  It,  however,  is  no  exception  to  the  rule  that 
vegetable  and  animal  oils  suffer  partial  decomposition  when 
subjected  to  high  temperature  produced  by  friction,  with  a  result 
that  fatty  acids  are  liberated  and  corrosion  of  beanngs  produced. 

The  substitution  of  mineral  oils  in  varying  proportions  with 
rape-seed  oil  has  reduced  this  tendency,  this  reduction  being 
determined  by  the  percentages  of  mineral  oil  present,  as  the  latter 
liberates  no  free  acids. 

It  is  a  peculiar  fact,  however,  that  a  mineral  oil  alone  does  not 
give  as  satisfactory  results  in  lubrication  (especially  cylinder  lubri- 
cationf)  as  does  a  mixture  of  mineral  and  vegetable  or  mineral  and 
animal  oils,  one  of  the  primary  causes  being  that  the  viscosity  of 
ttiineral  oils  rapidly  diminishes  at  high  temperatures,  whereas  the 
reduction  of  viscosity  of  vegetable  and  animal  oils  is  very  much 
less. 

If  it  were  not  for  this  peculiarity  between  these  two  classes  of 
oils,  mineral  lubricating  oils  could  easily  supplant  (on  the  score  of 
cheapness)  all  other  oils  used  in  lubrication. 

The  admixture  of  oiis  then  being  required  for  the  better  class  of 
lubricants,  it  follows  that  in  Engfland,  where  rape-seed  oil  has  been 
the  standard,  its  use  should  be  continued  in  compounded  oils. 

The  proportion  of  rape-seed  oil  added  to  mineral  oil  varies 
from  5  to  20  per  cent.     Where  the  mineral  oil  is  a  clear  paraffin  oil 

■  -  ~ 

♦  From  \)^^  Journal  of  the  American  Chemical  Society,  Vol.  XV. 
\The  Railroad  and  Enj(ineer in g  Journal y  64,  73-126. 
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20  per  cent,  of  the  seed  oil  is  used  ;  where  the  mineral  oil  is  a  dark, 
heavy  oil,  5  per  cent,  is  generally  added. 

The  separation  and  estimation  of  the  rape-seed  oil  in  these 
mixtures  present  no  difficulty  to  the  analytical  chemist  when  no 
other  seed  oil  is  present,  since  the  saponification  of  the  seed  oil,  the 
separation  of  the  fatty  acids,  and  recognition  of  the  same  are  a  part 
of  the  usual  chemical  work  of  this  character.  •  The  recognition  of 
the  constituents  of  a  mixed  lubricating  oil  by  analysis  is  a  very 
different  problem  from  giving  a  formula  by  which  the  mixture  can 
be  made.    This  is  evidenced  as  follows  : 

Suppose  the  analysis  shows 

Rape-seed  oil,  20  per  cent. 
Paraffin  oil,      80  per  cent. 

Paraffin  oil  varies  in  specific  gravity  from  0.875  ^o  o-92i,  and  it  is 
essential  to  include  in  the  report  of  the  analysis  not  only  the 
amount  of  the  paraffin  oil  but  also  the  gravity,  since  paraffin  oil  of 
gravity  0.875  is  a  very  different  product  from  that  of  0.921  gravity, 
the  former  selling  at  7^  cents  and  the  latter  at  23  cents  per  gallon. 
This  determination  can  be  made  by  taking  the  gravity  of  the 
original  mixed  oil  (0.912),  then  knowing  by  analysis  that  20  per 
cent,  is  rape-seed  oil  (gravity  0.918),  the  gravity  of  the  80  per  cent, 
of  paraffin  oil  is  easily  calculated.     Thus  : 

X  —  specific  gfravity  of  rape-seed  oil  (0.918). 

y  —  specific  gravity  of  paraffin  oil. 

;r  —  20  per  cent. ,  or  J. 

J'  —  80  per  cent.,  or  J. 

Then  1^  +  l.X  ■"  0.912. 

0.183  +  Jj'  — 0.912. 

t  J'  — 0.729. 

y  —  0.910. 
The  mixture  being  composed,  therefore,  of 

Paraffin  oil  (sp.  gr.  0.910),  80  per  cent. 

Rape-seed  oil  (sp.  gr.  0.918),  20  per  cent. 

The  direct  determination  by  analysis  from  the  ether  solution 
of  the  mineral  oil  in  the  mixture  does  not  give  an  oil  of  the  same 
specific  gravity  as  the  mineral  had  before  it  was  mixed  with  the 
seed  oil.  This  can  be  accounted  for  by  the  volatilization  of  a  por- 
tion of  the  lighter  hydrocarbons  of  the  mineral  oil  when  the  ether 
is  expelled  during  the  analysis.  For  this  reason  the  determination 
of  the  percentage  of  seed  oil  and  the  calculation  of  the  mineral  oil 
offers  less  liability  to  failure  than  finding  the  mineral  oil  directly. 
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The  introduction  of  "  blown "  rape-seed  oil  instead  of  the 
normal  rape-seed  oil  complicates  the  investigation  and  renders  the 
use  of  the  formula  above  given  valueless.  Rape-seed  oil  has  a 
gravity  of  0.915  to  0.920.  Rape-seed  oil  "blown"  has  a  gravity  of 
from  0.930  to  0.960. 

Two  difficulties  are  immediately  presented  :  (i)  The  chemical 
analysis  does  not  indicate  whether  the  rape-seed  oil  is  *' blown  **  or 
not.  (2)  The  use  of  the  formula  given  without  the  correct  gravity 
of  the  ''blown"  oil  would  give  false  results  regarding  the  paraffin 
oil.     To  overcome  this  difficulty  some  synthetical  work  is  required. 

Suppose  the  specific  gravity  of  the  mixed  oil  is  0.922  and  the 
analysis  shows  20  per  cent,  of  rape-seed  oil.  It  will  be  necessary 
then  to  produce  a  mixture  in  these  proportions  that  will  duplicate 
the  original  sample.  A  check  upon  this  will  be  the  viscosity  of  the 
original  sample  as  compared  with  the  one  to  be  made  by  formula. 
Thus  : 

The  original  oil  has  a  gravity  of  0.922,  contains  (by  analysis) 
20  per  cent,  of  rape-seed  oil,  and  has  a  viscosity  at  100°  Fahr.  of 
335  seconds  (Pennslyvania  Railroad  Pipette). 

J^irst, — Make  a  mixture  of  paraffin  oil  (sp.  gr.  0.910)  generally 
used  in  this  character  of  lubricant,  80  per  cent.,  and  rape-seed  oil 
('*  unblown'*)  20  per  cent.  The  viscosity  is  165  seconds,  showing 
that  this  mixture  cannot  be  used  in  place  of  the  original  oil. 

Second. — Make  a  mixture  of  paraffin  oil  (sp.  gr.  0.910)  and 
rape-seed  oil  (partially  blown  sp.gr.  0.930)  in  the  same  proportions 
as  above.  The  resulting  viscosity  is  267  seconds,  showing  that  the 
compound  is  siill  lacking  in  viscosity. 

Third. — Make  a  mixture  of  paraffin  oil  (sp.  gr.  0.910)  80  parts, 
and  rape-seed  oil,  "blown,"  (sp.  gr.  0.960),  20  parts.  The  viscosity 
is  ^^^2  seconds. 

This  now  fulfills  the  conditions  required  and  the  synthetical 
sample  agrees  with  the  original  in  gravity,  composition,  and 
viscosity- 

The  use  of  "  blown  "  rape-seed  oil  is  being  gradually  replaced 
by  **  blown  "  cotton-seed  oil.  The  latter,  which  has  had  but  a 
limited  use  in  lubrication,  owing  to  its  liability  to  acidity,  has  been 
greatly  improved  by  this  process  of  "  blowing,"  which  is  nearly 
complete  oxidation  of  the  oil  under  comparatively  high  tempera- 
ture. 
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This  largely  prevents  the  occurrence  of  the  acidity  in  the  oil, 
and  thus  the  main  objection  to  its  use  in  lubrication  disappears.  It 
is  much  cheaper  than  rape-seed  oil,  since  it  costs  40  cents  per 
gallon,  to  7c  cents  per  gallon  for  the  latter.  The  chemical  reactions 
of  the  two  oils  are  very  similar,  and  careful  analytical  work  is 
required  that  the  chemist  be  not  misled. 

The  following  table  of  comparisons  will  indicate  this : 

ff 

SPECIFIC  GRAVITY. 

Cotton-seed  oil 0.920  to  0.925 

Rape-seed  oil 0.915  to  0.920 

**  Blown  "  cotton-seed  oil 0.930  to  0.960 

**  Blown  "  rape-seed  oil 0.930  to  o  960 

VISCOSITY  (PENNSYLVANIA  RAILROAD  PIPETTE)  AT  lOO*  FAHR. 

Seconds. 

Cotton-seed  oil  (sp.  gr.  0.925) , 165 

Rape-seed  oil  (sp.  gr.  0.918) 210 

**  Blown  "  cotton-seed  oil  (sp.  gr.  0.960) 2,143 

**  Blown  '*  rape-seed  oil  (sp.  gr.  0.960) 2.160 

HEIDENREICH's  TEST. 

Before  Stirring:.  After  Stirring:. 

Cotton-seed  oil Faint  reddish  brown.  Brown. 

Rape-seed  oil Yellow-brown.  Brown. 

MASSIE*S  TEST. 

Cotton-seed  oil Orange-red 

Rape-seed  oil Orange. 

IODINE   ABSORPTION. 

Cotton-seed  oil 104  to  114 

••  Blown  *'  cotton-seed  oil 93  to  103 

Rape-seed  oil 102  to  lod 

**  Blown  •'  rape-seed  oil 94  to  100 

In  the  comparison  of  the  two  oils,  when  not  mixed  with  a 
mineral  oil,  the  above  tests  can  be  used.  The  conditions  are 
altered,  however,  when  either  one  or  both  are  so  mixed,  since  these 
tests  apply  only  to  the  pure  oils  and  not  to  those  reduced  with  large 
percentages  of  mineral  oil.  After  the  separation  of  the  seed  oil 
from  the  mineral  oil  by  saponification  the  identification  of  the  seed 
oil  depends  upon  the  reactions  of  the  fatty  acids  obtained,  and  a 
careful  examination  and  comparison  of  these  reactions  show  that 
the  melting  points  have  the  greatest  difference  and  thus  become  a 
means  of  recognition. 


Analysis  of  Lubricating  Oils,  49 

Thus,  the  fatty  acids  from  rape-seed  oil  melt  at  20°  C,  and 
from  cotton-seed  oil  at  30°  C.  Hence,  if  upon  analysis  of  a  lub- 
ricating oil  under  above  conditions,  the  fatty  acids  obtained  show  a 
melting  point  of  20°  C.  the  seed  oil  can  be  pronounced  rape-seed 
oil. 

If  the  melting  point  is  between  these  limits,  say  23°  C,  the 
seed  oils  are  present  in  a  mixture,  the  proportions  of  which  can  be 
determined  by  the  following  formula  : 

Wi  —  proportion  of  rape-seed  oil. 

w,  —  proportion  of  cotton-seed  oil. 

w,  —  weight  of  mixture  (20  per  cent.). 

/}    —  temperature  of  melting  point  fatty  acids  of  rape-seed  oil. 

/,    —  temperature  of  melting  point  fatty  acids  of  cotton-seed  oil. 

/,    —  temperature  of  meltins^  point  of  mixed  fatty  acids. 

Then  w^  —  «/,; 7-. 

Inserting  the  values : 

23-30 
«^i  ■"  20— — —  —  14  per  cent. 
*  20 — 30        ^  ^ 

23—20 

«'t  —  20— — — :  —   6  per  cent. 
■  30 — 20  ^ 

Or, 

Paraffin  oil 80  per  cent. 

Rap>e-seed  oil. . .     14 

Cotton-seed  oil 6 


• «      .  t 
•  I      it 


Total       100 


« t      » t 


By  synthetical  work  upon  these  proportions,  with  comparison 
of  viscosities  of  the  sample  submitted  with  the  product,  the  result 
will  be  not  only  a  correct  analysis,  but  a  working  formula  can  be 
given  by  which  a  manufacturer  can  duplicate  the  original  oil. 
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THE    PROSPECTS    FOR   OUR   SHIPYARDS. 

**  The  outlook  this  year  at  the  shipyards  of  our  Great  Lakes  is  not 
unpromising,  if  we  may  judge  by  the  contracts  that  are  reported  to 
have  been  made  at  places  between  Buffalo  and  Duluth.  The  large 
and  costly  steamer  which  is  nearly  completed  at  Cleveland  for  the 
Northern  line  passenger  service,  will  be  the  first  vessel  of  its  class 
to  enter  the  waters  of  Lake  Erie  this  year,  and  there  are  others  of 
equal  size  and  power  that  will  come  after  it.  At  several  of  our 
Atlantic  ports,  also,  the  prospects  for  the  shipyards  are  better  than 
they  were  a  year  ago.  We  have  especially  encouragmg  reports 
from  Bath,  where,  among  other  craft  to  be  launched  this  year,  is  a 
steel  sailing  vessel,  the  first  vessel  of  the  kind  ever  built  at  Bath." — 
The  Engineer, 


large  steam  pipes.* 

"  Eleven  years  ago  it  became  necessary  for  me  to  construct 
several  thousand  feet  of  20-inch  steam  pipe,  besides  considerable 
lengths  of  15  and  12-inch  sizes,  and  the  satisfactory  results  obtained 
lead  me  to  describe  the  methods  of  construction.  It  was  decided  to 
make  a  mild  steel  riveted  pipe,  with  die-forged  flanges  of  the  same 
material,  and  rivet  and  calk  the  flanges.  For  riveting  the  pipe  an 
Allen  pneumatic  riveter  was  used  ;  and  as  the  extreme  reach  of  the 
arms  of  the  machine  used  was  about  70  inches,  the  courses  were 
made  of  that  length,  netting  between  roundabout  seams  68  inches. 
I  had  observed  that  the  greatest  difficulty  with  riveted  pipe  was 
keeping  the  roundabout  seams  tight,  and  this  was  evidently  caused 
by  water  accumulating  about  these  seams  on  the  bottom  of  the  pipe 
when  steam  was  off ;  when  steam  was  readmitted  these  small  accu- 
mulations of  water  caused  unequal  expansion,  as  the  portions 
covered  by  them  heated  much  slower  than  the  unprotected  surfaces, 
and  in  this  way  leaks  were  started  in  the  roundabout  seams  at  the 
bottom.     To  avoid  this,  each  course  was  made  the  frustum  of  a 

♦  Extract  from  a  paper  presented  by  Charles  H.  Manning,  Superinten- 
dent of  the  Amoskeag  Manufacturing  Co.,  Manchester,  N.  H.,  at  the  New 
York  meeting  (December,  1839)  of  the  American  Society  of  Mechanical 
Engineers,  and  published  in  The  Engineer, 
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cone,  thus  bringing  the  laps  all  in  one  direction,  and  by  placing  the 
large  end  of  the  cone  uphill  and  giving  the  pipe  sufficient  grade,  it 
was  easy  to  keep  it  free  of  water  at  all  times,  and  this  has  been  en- 
tirely successful.  All  large  pipes  are  liable  to  water-hammer,  and  a 
hammer  that  would  completely  wreck  a  cast-iron  pipe  or  split  a  lap- 
welded  pi'pe  from  end  to  end  will  have  little  or  no  effect  on  the 
riveted  pipe,  except  to  strain  the  joints  of  the  longitudinal  seams ; 
but  I  have  never  known  a  riveted  pipe  to  give  out. 

**  Some  makers  of  large  riveted  pipe  use  very  unsightly  cast- 
iron  flanges,  which  they  seldom  succeed  in  keeping  tight  for  any 
length  of  time,  and  the  cost  is  fully  as  much  as  with  the  wrought 
flanges." 


A   LARGE   RIEHL^   TESTING    MACHINE. 

**A  LARGE  Riehl^  screw  testing  machine  is  now  being  erected 
at  the  College  of  Civil  Engineering  of  Cornell  University.  It  is 
complete  in  all  of  its  appointments,  and  has  a  capacity  of  400,000 
pounds  for  tension  and  compression,  and  of  100,000  pounds  for 
transverse  strain." — The  Engineering  Record. 


WELDLESS   CHAINS. 

"A  BAD  link  or  bad  weld  in  the  ordinary  iron  chain  may  cause 
very  serious  consequences.  The  weld  is  in  fact  a  permanent  source 
of  danger,  as  it  is  impossible  to  be  sure  that  it  is  perfectly  made. 

"  For  a  long  time,  experiments  have  been  conducted  in  various 
countries  for  the  purpose  of  doing  away  with  welding  in  the 
manufacture  of  chains.  This  problem  has  been  solved  by  M. 
Oury,  who  is  in  charge  of  the  Marine  Arsenal  at  Cherbourg. 
The  Oury  chain  is  of  the  same  form  as  the  ordinary  iron 
chain.  It  is  manufactured  from  soft  steel  bars  of  a  regular 
cruciform  section,  which  are  heated  and  run  through  nicking 
niachines.  The  bars  are  then  returned  to  the  furnace,  and  passed 
through  a  series  of  stamping  hammers  provided  with  matrices,  which 
produce  a  weldless  chain  of  the  ordinary  form.  If  the  chain  is  to 
be  stayed,  the  stemples  are  then  put  in.  Under  test  these  chains 
have  given  some  remarkable  results,  a  ^V^^^^  chain  having  shown 
a  breaking  strain  of  53,73^  pounds,  or  68,106  pounds  per  square 
inch."— ^^«<f  IndustrielU, 
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STANDARD    TIME    IN    ITALY. 

"*  Central  European  Time/  the  standard  time  in  use  in 
Austria  and  Germany,  being  that  of  the  fifteenth  degree  east  of 
Greenwich,  has  been  introduced  on  the  Italian  railroads.  Hereto- 
fore, all  Italian  railroads  except  those  in  Sicily  have  used  the  time 
of  Rome,  which  is  quite  central.  The  hours  of  the  day  will  be 
numbered  from  r  to  24,  beginning  with  midnight,  whereas  they 
formerly  began  with  the  sunset." — American  Engineer, 


ATHLETICS. 


At  the  annual  election  of  the  Athletic  Association,  held  on  January  9, 
1894,  the  following  officers  for  the  ensuing  year  were  elected:  William  H, 
Corbett,  '95,  President;  Lattimore  Carter,  '95,  Vice-President;  Carrol 
Miller,  '96,  Secretary;  C.  P.  Paulding,  '95,  Treasurer.  R.  E.  Hall,  '95. 
T.  E.  Jewell,  '95 ,  and  F.  R.  Chambers.  '96,  were  elected  members  of  the 
Executive  Board. 

An  election  for  Captain  of  the  Athletic  Team  for  the  annual  Field 
Day  with  Rutgers  College  resulted  in  the  selection  of  Ed.  Kemble,  '95. 

It  was  decided  not  to  support  a  base-ball  team  for  the  coming  season. 

FOOT-BALL. 

Owing  to  the  late  issue  of  the  October  number  of  the  Indicator,  an 
account  of  the  past  foot-ball  season  was  published  in  that  number. 
As  to  the  ranking  of  Stevens  in  the  Middle  States  League:  Stevens 
defeated  Rutgers,  and  Lafayette.  Stevens.  The  Rutgers  team  was  dis- 
banded early  in  the  season,  and  the  Rutgers-Lafayette  game  being  on 
this  account  forfeited  to  Lafayette,  Lafayette  takes  first  place,  Stevens 
second,  and  Rutgers  third. 

The  team  owes  much  to  its  Captain,  Frank  Coyne,  and  to  Messrs.  De 
Hart,  Marshall,  and  Hall,  all  of  '90,  who  aided  in  coaching. 

By  the  graduation  of  the  Class  of  '94  the  team  will  lose  Coyne  and 
Kellogg,  ends;  Gallaher,  center,  and  MacCord  and  Fielder,  behind  the 
line.  Another  loss  to  be  regretted  is  that  of  Mcllwain,  g^ard,  who  has 
left  college.  The  material  from  which  these  places  must  be  filled  will  need 
a  great  deal  of  development;  and  we  have  reason  to  hope  that  in  this  par- 
ticular the  new  Captain,  Kemble,  will  be  as  successful  as  was  Coyne. 
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LACROSSB. 

There  is  reason  to  believe  that  during  the  coming  season  more  interest 
in  lacrosse  will  be  taken  by  the  general  public  than  heretofore.  There  is 
talk  of  Cornell  joining  the  League,  and  it  is  probable  that  at  the  conven- 
tion, which  is  to  be  held  in  Philadelphia  early  in  February,  a  formal  appli- 
cation will  be  made.  Caspar  R.  Whitney  has  signified  his  intention  of 
taking  the  game  up,  so  the  merits  of  lacrosse  are  certain  to  receive  more 
general  recognition. 

Last  year  lacrosse  interests  were  somewhat  hampered  by  the  presence 
of  a  base-ball  team  in  the  field.  Owing  to  the  recent  action  of  the  Athletic 
Association  this  will  not  be  the  case  this  year,  and  we  hope  that  our  base- 
ball enthusiasts  will  turn  their  attention  to  lacrosse. 

Morris  Kellogg  is  Captain  of  the  team  and  R.  E.  Hall  Manager.  Gym- 
nasium  work  will  not  be  required  as  much  as  heretofore,  and  it  is  probable 
that  no  training  table  will  be  supported.  The  team  is,  of  course,  some- 
what weakened  by  the  graduation  of  the  Class  of  '93,  but  Captain  Kellogg 
expects  to  put  a  strong  team  in  the  field,  and  we  have  the  brightest  pros- 
pects for  a  successful  season. 

FIELD   GAMES. 

The  policy  of  the  Athletic  Association  in  electing  at  this  time  a  field 
captain  for  the  coming  season  is  to  be  commended.  The  results  of  the 
contests  at  the  joint  field  day  with  Rutgers  serve  to  show  that  a  thorough 
preparation  on  the  part  of  Stevens  athletes  will  be  necessary  if  they  are 
to  carry  oif  the  honors  this  season. 

CANE   SPREE. 

The  challenge  to  a  cane  rush  sent  by  the  Sophomores  to  the  Freshmen 
instituted  a  squabble,  the  complications  of  which  do  not  deserve  mention, 
and  the  results  of  which  we  have  been  unable  to  discover. 

AN  EXTRACT    FROM   THE   SECRETARY'S   REPORT,  STEVENS   ATHLETIC 

ASSOCIATION. 

In  reviewing  the  situation  for  the  past  year  we  note  that  the  Association 
has  made  a  number  of  important  moves  in  new  directions,  some  of  which 
have  fulfilled  our  best  hopes  and  others  fallen  far  short  of  anticipation. 
One  of  the  most  pleasing  features  was  the  co-operation  of  the  Glee  and 
Banjo  Clubs,  showing  a  unity  of  interest  among  our  associations  such  as 
every  college  should  cherish.  The  financial  aid  resulting  was  almost 
invaluable,  and  the  precedent  established  should  become  a  fixed  policy  in 
our  yearly  progress.  The  rejuvenated  attempt  to  support  both  a  lacrosse 
and  base-ball  team  proved  as  fruitless  as  might  be  anticipated,  the  division 
of  interest  in  so  small  an  institution  reacting  unfavorably  to  the  welfare  of 
both.  Our  brilliant  conception  to  solicit  our  alumni  for  financial  aid  was 
a  dismal  failure,  and  aside  from  the  valuable  experience  gained,  which 
future  secretaries  may  profit  by,  little  can  be  said  in  favor  of  the  scheme. 
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Briefly  summed  up,  we  have  $12  actual  expense  and  about  ten  hours  of 
labor,  rewarded  by  two  lonesome  $5  checks  from  as  many  patriots  amon^ 
about  500  supposed  lovers  of  their  Aluia  Mater. 

The  joint  Field  Day  with  Rutgers  affords  our  athletes  an  unusually 
fine  opportunity  for  exciting  contests,  and,  although  the  nature  of  the 
opportunity  was  not  appreciated  early  enough  last  spring  to  induce  pre- 
liminary practice,  and  the  results  were  therefore  disappointing  to  Stevens, 
yet  the  arrangement  has  merit,  warranting  permanent  athletic  and  finan- 
cial success. 

We  are  at  last  in  a  foot-ball  league  of  appropriate  calibre  and  circuit, 
and  the  season's  work  offers  much  encouragement  for  its  future  prosperity 
and  maintenance.  The  main  subject  of  regret  is  the  old  story  of  lack  of 
interest  and  financial  support  by  the  undergraduate  body  which  must  ever 
be  the  mainspring  of  our  Association,  and  as  we  surrender  our  guardian- 
ship to  our  successors  it  is  with  the  earnest  hope  that  they  may  be  able  to 
enthuse  a  little  more  loyalty  into  the  students  of  the  Institute. 

Respectfully  submitted, 

William  H.  Corbktt. 
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A  Correction. — Notwithstanding  the  care  taken  in  proof- 
reading with  the  Biographical  Sketch  of  President  Morton, 
printed  by  the  Portrait  Committee  in  1892,  two  typographical  errors 
were  overlooked,  which,  as  they  destroy  the  correct  meaning  of  their 
contexts,  all  who  possess  this  book  are  asked  to  correct. 

On  page  126,  third  line  from  the  foot,  "beautiful"  should  be 
bountiful. 

On  page  130,  in  the  last  line  of  the  second  verse,"  hero  '*  should 
be  here. 

The  latter  correction  can  be  easily  made  by  inserting  a  cross- 
bar in  the  letter  o,  and  scratching  out  with  a  knife  the  lower  right- 
hand  quadrant  of  the  same  letter. 

"Pasters"  containing  the  word  "bountiful"  will  be  furnished 
to  any  one  applying  at  this  office,  to  correct  the  other  misprint. 

The  midwinter  meeting  of  the  Alumni  Association  is  announced  for 
Tuesday,  February  20,  at  8  o'clock,  in  the  lecture-room  at  Hoboken.  The 
Executive  Committee  have  arranged  for  unusual  social  attractions. 

By  circular  letter  sent  out  in  December,  the  Executive  Committee 
sought  an  expression  of  opinion  by  the  members  as  to  the  desirability  of 
having  a  dinner  at  one  of  the  New  York  hotels,  and  continuing  the  meeting 
thereafter.  The  majority  of  the  responses  were  adverse  to  this  plan, 
which  was  therefore  abandoned. 

Professor  Ribsenbergek  has  so  far  recovered  from  his  severe  illness 
that  he  expects  to  return  on  February  i  from  Lakewood,  where  he  has 
been  recuperating  for  several  weeks,  and  to  at  once  resume  his  duties. 

At  the  time  of  the   Engineering  Congress  at  Chicago,  in  August, 
1893,  there  was  organized  the  Society  for  the  Promotion  of  Engineering 
Education.     The  officers  elected  for  the  first  year  were:  De  Volsen  Wood, 
Stevens  Institute  of  Technology,  President ;  S.  B.  Christy,  University  of 
California,  George  F.  Swain,  Massachusetts  Institute  of  Technology,  Vice- 
Presidents;  J.  B.  Johnson,  Washington  University,  Secretary;  Storm  Bull, 
University  of  Wisconsin,  Treasurer;  and  twenty-one  prominent  educators 
from  the  leading  engineering  institutions  of  the  country  were  chosen  as 
members  of  the  Council. 
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Great  interest  has  been  manifested  by  teachers  of  engineering  in  this 
new  organization,  which  aims  to  bring  about  more  harmonious  practices 
and  standards,  and  to  consider  and  report  upon  many  questions  of  im- 
portance to  them. 

The  Society  has  just  published  the  Proceedings  of  the  Educational 
Section  of  the  World's  Engineering  Congress,  which  can  be  obtained 
from  either  the  Secretary  or  Treasurer.  The  price  is  $2  if  bound  in 
paper,  $2.50  if  bound  in  cloth. 

The  American  Journal  of  Science,  Vol.  XLVII.,  January,  1894,  con- 
tains an  elaborate  paper  by  Professor  Mayer,  entitled  **  Researches  in 
Acoustics,  Paper  No.  9,'*  containing: 

1.  The  Law  connecting  the  Pitch  of  a  Sound  with  the  Duration  of 
its  Residual  Sensation, 

2.  The  Smallest  Consonant  Intervals  among  Simple  Tones, 

3.  The  Durations  of  the  Residual  Sonorous  Sensations  as  deduced 
from  the  Smallest  Consonant  Intervals  among  Simple  Tones, 

Professor  Mayer  describes  with  his  accustomed  minuteness  the  methods 
and  apparatus  employed  in  the  researches,  and  shows  numerous  illustra- 
tions of  the  instruments  experimented  with. 

Nineteen  years  ago  he  published  in  the  same  journal  **  Paper  No.  6,** 
of  '*  Researches  in  Acoustics,"  containing  **  an  account  of  his  attempts  to 
establish  the  law  connecting  the  pitch  of  a  sound  with  the  duration  of  its 
residual  sensations." 

"  The  law  given  in  that  paper  was  the  expression  of  the  results  of  the 
first  experiments,  extending  through  several  octaves,  ever  made  on  the 
duration  of 'sonorous  sensations." 

Reference  is  made  to  a  long  series  of  experiments  made  in  1875, 
at  the  author's  request,  by  Madame  Ema  Seiler,  who  was  noted  for  her 
ability  to  analyze  composite  sounds,  the  results  of  which  he  claimed  in  his 
paper  of  1875  were  worthy  to  form  the  basis  of  a  physiological  law. 

In  his  recent  paper  he  states  '*  that  there  is  a  physiological  law  which 
gives  the  relation  between  the  pitch  of  a  sound  and  the  duration  of  its 
residual  sensation  as  shown  by  the  numerous  experiments  contained  in  this 
paper.  But  those  published  in  1874  ^^^  1^75  sufficed  to  establish  that  fact, 
yet  these  experiments  have  never  been  repeated  by  physiologists." 

"  I  have  waited  nineteen  years,  in  the  hope  that  others  would  make 
similar  experiments,  so  that  the  combination  of  the  results  of  various  ex- 
perimenters would  give  an  expression  of  the  law  which  might  be  regarded 
as  general,  and  accepted  as  expressing  the  average  residual  sensations  of 
sounds." 

Dr.  Rudolph  Koenig,  of  Paris,  in  whose  laboratory  is  his  •*  grand 
tonometre,"  giving  the  frequency  of  all  sounds  from  16  to  21,845  complete 
vibrations  per  second,  made  for  Professor  Mayer,  in  1893,  a  series  of  ex- 
periments to  determine  the  smallest  consonant  intervals  among  sounds 
below  U  7",  in  pitch;  and  the  results,  given  in  the  experimenter's  own 
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words,  are  included  in  Professor  Mayer's  paper,  which  closes  with  the 
following  statement:  **  In  explanation  of  the  facts  and  laws  given  in  this 
paper  I  have  no  hypothesis  to  offer.  It  appears  to  me  that  the  present 
condition  of  our  knowledge  of  audition  demands  that  we  should  ascertain 
more  facts  relating  to  it  before  we  frame  hypotheses  on  the  mechanism  and 
action  of  the  apparatus  of  hearing." 

Professor  MacCord  has  recently  applied  a  new  principle  to  the 
cutting  out  of  elliptical  mats  suitable  for  mounting  pictures  or  for  other 
purposes.  By  his  design,  the  ellipse  is  cut  by  a  knife  attached  to  an  arm 
out  of  a  plane  that  is  made  to  rotate,  the  plane  and  arm  having  a  uni- 
form motion.  The  bridle  rod  is  at  every  instant  normal  to  the  curve,  and 
the  blade  of  the  knife,  being  attached  at  right  angles  to  the  length  of  the 
rod,  presents  its  cutting  edge  at  all  times  in  the  direction  of  the  curve. 

Another  recent  invention  of  Professor  MacCord's  is  an  elliptic  lathe 
for  the  production  of  elliptical  cylinders  of  any  desired  length  or  form  of 
elliptical  cross-section.  It  can  be  made  to  serve  as  an  ordinary  circular 
lathe  or  to  turn  out  lengths  of  uniform  section  throughout,  or  lengths  either 
tapering  or  varying  from  circular  to  elliptical  section. 

Application  has  been  made  for  patents  covering  this  lathe,  which  will 
be  assigned  to  Messrs.  Pratt  and  Whitney,  who  have  secured  exclusive 
rights  thereunder. 

Stevens  Institute  was  well  represented  in  the  proceedings  of  the 
meeting  of  the  Mechanical  Section  of  the  American  Association  for  the 
Advancement  of  Science,  at  Madison,  Wis. 

Professor  Webb  presented  a  paper  on  •*  Economical  Steam  Con- 
sumption." 

Professor  Jacobus  had  one  on  •*  Experimental  Determination  of  the 
Quickness  of  Action  of  a  Shaft  Governor,"  one  describing  •*  An  Accurate 
Method  of  Measuring  Heavy  Liquid  Pressures,"  and  a  third  on  ••  An  Im- 
proved Oven  for  Determining  the  Sensitiveness  of  Automatic  Sprinklers." 

An  abstract  of  the  thesis  of  Messrs.  Hupfel,  Griswold,  and  Mackenzie, 
o(  '93,  on  a  Test  of  the  New  York  Hygeia  Ice-Making  Plant  was  also  read. 

Short  abstracts  of  all  the  above  have  been  published  in  American 
Machinist  (January  11),  and  the  thesis  is  printed  at  length  in  this  number 
of  the  Indicator. 

The  new  dynamo  room  looks  very  attractive  since  it  has  been  put  in 
thorough  order.  As  this  new  building  cuts  off  most  of  the  light  on  the 
east  side  of  the  shop,  the  metal  lathes  that  were  there  have  been  moved  to 
the  west  side,  where  they  can  be  used  to  advantage.  All  the  machines  in 
the  shop  have  recently  been  supplied  with  gas  burners  on  jointed  pipes,  so 
that  the  light  can  be  thrown  on  any  part  of  the  work,  for  close  inspection. 

Engineering  News  of  December  28,  1893,  makes  mention  of  an  im- 
portant improvement  in  planimeters  devised  by  Professor  Jacobus. 

It  consists  in  the  substitution  for  the  ordinary  tracing  point  of  a  glass 
plate  having  two  hair  lines  cut  on  its  underside  at  right  angles. 


i 
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In  tracing  a  diagram  the  point  of  intersection  of  these  lines  is  kept  on 
the  line  to  be  traced.  The  ordinary  point  has  a  tendency  to  make  a  slight 
groove  in  the  paper,  so  that,  on  a  second  tracing,  the  point  tends  to  follow 
in  the  groove  left  by  the  first.  Again,  where  repeated  tracings  have  to  be 
made,  the  point  tends  to  obliterate  the  line. 

The  improved  form  of  tracer  is  open  to  no  such  objections,  and  it  can 
be  used  in  the  evening,  while  the  ordinary  planimeter  cannot,  on  ac- 
count of  the  shadows  cast  by  the  tracing  point. 

Professor  Wood,  in  a  short  paper  appearing  in  *•  Popular  Astronomy," 
discusses  the  question:  **  Does  the  Luminiterous  Ether  Serve  as  a  Medium 
for  the  Transmission  of  the  Force  of  Gravitation  ? "  and  maintains  that 
gravity  cannot  be  propagated  by  the  luminiferous  ether,  inasmuch  as  the 
velocity  of  a  wave  in  the  latter  approximates  186,300  miles  per  second, 
while  the  force  of  gravitation,  as  found  by  La  Place,  if  propagated  by  an 
elastic  medium,  must  have  a  velocity  exceeding  a  hundred  million  times 
that  of  light.  Hence,  if  gravity  is  propagated  by  an  ether,  it  must  be  one 
peculiar  to  itself,  which  may  be  called  the  **  gravitation  ether." 

Professor  Bristol's  automatic  recording  instruments  for  pressure, 
temperature,  and  electricity,  and  his  steel  belt  lacing,  have  been  granted 
an  award  by  the  World's  Columbian  Exposition. 

The  Engineering  News  Publishing  Company,  N.  Y.,  offered  three 
prizes  for  the  best  graduating  theses  submitted  by  students  graduating 
from  any  Americen  engineering  school  in  1893.  The  first  prize  was  of 
$75,  the  second  $50,  and  the  third  prize  was  of  $25. 

Charles  T.  Bayless,  '93,  of  Louisville,  Ky.,  and  Arthur  E.  Merkel,  '93, 
of  New  York,  graduates  of  Stevens,  received  honorable  mention  for  their 
thesis  on  ''Garbage  Cremation  in  America." 

This  offer  of  prizes  is  again  renewed  for  1894,  and  a  special  prize  of 
$100  is  added,  to  be  given  for  the  best  post-graduate  thesis.  Not  more 
than  three  theses  can  be  submitted  from  any  one  institution.  They  are 
examined  without  knowledge  of  the  authors  or  college,  but  must  be  ac- 
companied by  sealed  letters  giving  title,  author,  college,  address,  etc. 

Professor  Wood's  article  on  ••  Integrity  of  the  Interstellar  Medium,*' 
which  first  appeared  in  Science,  has  been  reprinted  by  several  other 
journals. 

The  sixth  edition  of  Professor  Wood's  '*  Thermodjmamics  "  is  nearly 
exhausted,  and  he  is  now  preparing  another  edition. 

Mr.  Richard  Stevens  was  married  to  Miss  Elizabeth  Callendar 
Stevens,  daughter  of  Mr.  and  Mrs.  Francis  B.  Stevens,  at  Saint  Paul's 
Church,  Hoboken,  on  November  11,  1893. 
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//  is  our  endeavor  to  notice  under  this  heading  such  items  of  news 
affecting  graduates  of  the  Institute  as  may  interest  their  classmates 
and  friends  among  the  Alumni.  We  are  indebted  to  a  few  members 
for  regular  or  frequent  contributions  of  items  ^  and  wish  to  make  it 
known  that  thg  co-operatton  of  all  is  most  desirable^  and  will  be 
appreciated.  Managing  Editor. 

•75. 
Frank  MacDowbll  Lkavitt  was  married  to  Miss  Gertrude  Mitchell 
Goodsell  at  Sag  Harbor,  Long  Island,  on  November  8,  1893. 

'77. 

B.  P.  Roberts  has  organized  in  Cleveland,  O.,  The  Correspondence 
School  of  Technology,  which  announces  courses  of  instruction  by  corre- 
spondence in  the  following  subjects:  Applied  Electricity,  Steam  Engineer- 
ing and  Transmission  of  Power,  Civil  Engineering.  Railroad  Engineering, 
Bridge  Engineering,  and  Architecture. 

He  is  the  President,  and  is  Instructor  in  Applied  Electricity,  and  has 
associated  with  him  Mr.  Oscar  Antz,  '78,  as  Instructor  in  Mechanical 
Engineering;  also  other  gentlemen  technically  educated  and  experienced 
in  their  respective  specialties.  The  announcement  issued  by  the  School 
is  both  comprehensive  and  explicit. 

•78. 
Oscar  Antz  is  with  the  Lake  Shore  Railway,  and  is  located  at  Cleve- 
land, O.,  where  he  is  also  associated  with  E.  P.  Roberts,  '77,  in  conduct- 
ing The  Correspondence  School  of  Technology.     His  address  is  Brainard 

Block,  Cleveland,  O. 

'82. 

William  E.  Gibbs  has  his  office  at  iii  Liberty  Street,  New  York. 

•83. 
E.  D.  Estrada  is  now  in  the  firm  of  Estrada  &  Gray,  formerly  Estrada, 
Kenyon  &  Gray,  inspecting  engineers,  307  Lewis  Block,  Pittsburg.     They 
have  also  an  office  at  515  Ashland  Block,  Chicago,  111. 

•84. 
Richard  Lee  Fkarn's  address  is  1307  P  Street,  Washington,  D.  C. 
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•86. 

Edward  P.  Mowton  has  taken  up  the  practice  of  law,  having  been 
admitted  to  the  bar  last  June.  He  is  with  Booraem.  Hamilton,  Beckett  & 
Ransom,  counsellors-at-law,  No.  i6o  Broadway,  New  York. 

Edward  D.  Self  has  returned  from  South  America  and  is  taking  the 
supplementary  course  in  mining  engineering  in  the  Columbia  School  of 
Mines. 

•87. 

John  L.  Cox  is  with  the  Midvale  Steel  Company,  Nicetown,  Pa. 

M.  C.  Jenkins  is  with  the  Coxe  Iron  Manufacturing  Company,  Drifton, 
Pa. 

William  E.  Quimby  has  changed  his  business  address  to  59  Liberty 
Street,  New  York  City. 

•89. 

Charley  T.  Benns  was  married  on  January  31  to  Miss  Martha  Adela 
Halton.  at  Providence,  R.  I. 

NicKOLAi  Killer  was  married  on  November  21  to  Miss  Howes,  of  Utica. 

'90. 
A.  C.  Atristain  is  draughtsman  for  the  Mexican  Central  Railroad. 
His  house  address  is  ia  de  la  Merced,  No.  22  Va  11,  Mexico  City,  Mexico. 

William  N.  Carlton  has  removed  from  75  to  109  White  Building, 
Buffalo,  N.  Y. 

G.  L.  Todd  is  at  present  in  New  Rochelle,  N.  Y. 

J.  T.  Westcott  wa^  married  on  October  3. 1893.  to  Miss  Grace  Stevens 
Raphael,  at  Ocean  Grove,  N.  J. 

Whitlock-Drake.  On  Wednesday.  January  3,  1894.  at  Cleveland,  O.. 
by  Rev.  Charles  Townsend,  Lillian  M.,  daughter  of  J.  M.  Drake,  Esq., 
was  married  to  Elliott  H.  Whitlock. 

'91. 
L  E.  Elson  has  recently  formed  the  Elson  &  Brewster  Engineering 
Company,  electrical  and  mechanical  engineers  and  contractors,  with  an 
office  at  122  Liberty  Street,  New  York. 

George  C.  Holberton  visited  the  Institute  November  28.  1893.  and 
started  the  same  day  on  an  extended  Western  trip.  • 

Anthony  Kennedy  and  S.  L.  Knox  are  associated  as  consulting  engi- 
neers with  their  office  at  735  Drexel  Building,  Philadelphia,  Pa.  Mr. 
Kennedy  is  also  connected  with  the  Hollar  Safe  and  Lock  Inspection  Com- 
pany as  Chief  Engineer. 

Edwin  S.  Lorsch's  present  address  is  47  East  64th  Street,  New  York. 

George  F.  Summers,  who  was  Manager  of  the  National  Gas  Light  and 
Fuel  Company,  of  Chicago,  111.,  is  now  located  at  the  office  of  the  United 
Gas  Improvement  Company,  No.  813  Drexel  Building,  N.  Y. 
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'92. 

Harold  B.  Atkins  has  been  placed  in  charge  of  the  Boston  Gas 
Works  as  Superintendent  by  the  Pintsch  Compressing  Company. 

Nicholas  S.  Hill,  Jr.,  is  in  business  as  a  consulting  engineer,  203 
East  German  Street,  Baltimore,  Md.  He  was  formerly  Inspecting  Engi- 
neer for  the  South  Side  Rapid  Transit  Railroad  Company,  Chicago,  111. 

Henry  W.  Jackson  is  in  the  employ  of  the  Consolidated  Traction 
Company,  of  New  Jersey,  and  is  located  for  the  present  at  their  main 
power-house  in  Jersey  City. 

*93. 

Bancroft  G.  Brains  is  with  Thomas  Brown,  Consulting  Engineer  for 
the  Otis  Elevator  Company. 

O.  G.  Dale  is  draughting  for  the  construction  of  the  plant  of  the 
National  Sugar  Refining  Company,  Yonkers,  N.  Y. 

Frank  L.  Parker  is  not  in  the  employ  of  the  Capefair  Harbor  and 
Coal  Company,  as  erroneously  stated  in  the  July  Indicator,  but  has 
special  charge  of  the  mechanical  department  of  The  News  and  Courier , 
Charleston,  S.  C. 

SPECIAL. 

A.   A.   Dal  Molin,  special,  is  with  Richards  &  Company,  importers 
of  chemical  apparatus.  No.  41  Barclay  Street,  New  York. 
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ACCESSIONS  TO  THE  INSTITUTE  LIBRARY,  JULY  x,  1893, 

TO  JANUARY  z,  1894. 


Books  Purchased  : 

General  Index  of  *•  The  Engineering  News" 

Specifications  and  Drawings  of  Patents^  U,  S.  Patent  Office,    January, 

February,  March,  1892. 
Brick  for  Street  Pavements,    By  M.  D.  Burke,  C.  E. 
Comptes  Rendu s.    Tomes,  114  and  115  (1892). 
Handbuch  der  Anorganische  Chemie,    By  D.  O.  Dammer. 
Notes  on  Recent  Researches  in  Electricity  and  Magnetism,    By  J.  J. 

Thompson,  M.  A. 
Chimie  Appliquie.     By  Leon  Durand. 
Traiti  Pratique  de  la  Fabrication  du  Ciment  du  Portland,     By  A. 

Lipowitz. 
Guide  du  Chaufournier.     By  Emile  Lejeune . 
Proceedings  of  the  Institution  of  Civil  Engineers.    Vols.  112  and  113. 

London. 
Jahrbuch  der  Chemie  for  i8q2.    By  Richard  Meyer. 
Subject  Matter  Index  of  Technical  and  Scientific  Periodicals.    (Berlin.) 

By  Dr.  R.  Rieth. 
Small  Yachts,    By  C.  P.  Kunhardt. 

A  New  System  of  Arithmetic,     By  John  W.  Nystrom,  C.  E. 
Elements  of  Analytical  Mechanics,     By  Peter  S.  Michie. 
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ERRORS  OF  MEASUREMENTS  OF  POWER  BY  THE  STEAM 

ENGINE  INDICATOR. 


BY    PROF.    D.    S.    JACOBUS. 


THIS  subject  was  investigated  experimentally,  and  an  abstract 
of  the  results  was  published  in  the  discussion  by  Professor 
Denton  of  a  paper  read  before  the  Society  of  Naval  Architects  and 
Marine  Engineers  by  Mr.  David  Smith,  Chief  Engineer  of  the  U.  S. 
Navy,  at  the  Engineering  Congress  held  at  Chicago.  The  work 
was  presented  in  detail  at  the  meeting  of  the  American  Society  of 
Mechanical  Engineers,  and  will  form  part  of  Vol.  XV.  of  their 
Transactions.  The  object  of  the  present  paper  is  to  present  the 
n^attcr  in  a  complete  form,  and  to  add  details  of  experiments  which 
have  been  made  since  the  meeting. 

In  all  accurate  testing  work  of  to-day  the  indicator  springs  are 
lasted  to  determine  the  scale.  If  the  springs  are  used  on  a  steam 
cylinder,  the  tests  should  be  made  with  steam  pressure;  if  used  on 
^i^  air  compressor,  they  should  be  made  with  air  pressure;  and  in 
ihecase  of  water  pumps  a  water  pressure  should  be  employed.  The 
^ales  determined  for  steam  pressures  are  called  the  hot  scale  of 
^he  sprmgs.  The  action  of  heat  tends  to  weaken  the  springs,  so 
ihat  the  hot  scale  of  a  spring  is  less  than  the  cold  scale. 

The  scales  determined  by  testing  the  springs  often  differ  con- 
siderably from  the  nominal  scales  marked  on  the  springs  by  the 
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makers,  in  many  cases  this  variation  being  as  high  as  5  per  cent. 
As  good  practice,  however,  demands  that  the  true  scales  as  deter- 
mined by  tests,  and  not  the  nominal  scales,  be  used,  we  will  not 
discuss  the  errors  that  may  be  involved  by  employing  the  nominal 
scales,  but  pass  to  those  which  enter  if  the  true  scales  are  used. 

Comparative  tests  of  four  indicators,  attached  so  as  to  obtain 
simultaneous  cards  from  one  end  of  the  cylinder  of  a  7XT4-inch 
horizontal  engine  running  at  from  175  to  200  revolutions  per  min- 
ute, showed  that  the  results  agreed  with  each  other  to  within  2  per 
cent,  of  the  mean  effective  pressure  at  one-quarter  cut-off,  after  all 
corrections  were  made  for  variations  in  the  scales  of  the  springs  at 
different  heights  of  the  diagram.  In  these  tests  the  steam  pressure 
averaged  about  95  pounds  per  square  inch  above  atmosphere. 
The  indicators  were  attached  at  the  two  ends  of  a  tee  connected 
to  the  end  of  the  cylinder,  and  were  reversed  in  the  middle  of  each 
test.  After  every  three  cards  the  indicator  pistons  were  removed, 
and  the  cylinders  and  pistons  cleaned  and  oiled.  The  strings 
driving  the  indicator  drums  were  made  as  short  as  possible,  and 
wire  cord  was  used  to  connect  them  with  the  parallel  motion. 

This  agreement  holds  only  for  indicators  in  correct  adjust- 
ment, in  which  there  is  but  little  friction.  The  friction  of  an  indi- 
cator piston  should  be  so  small  that  there  will  not  be  over  the  thick- 
ness of  a  very  fine  pencil  line  between  the  lines  obtained  for  a  rising 
and  falling  steam  pressure  in  the  tests  to  determine  the  hot  scale  of 
the  springs.  A  leaky  piston  is  much  more  reliable  than  one  that  is 
too  tight  a  fit.  A  piston  that  will  fall  through  the  cylinder  by  its 
own  weight  may  be  too  tight,  and  produce  errors  incident  to  undue 
friction.  A  correctly  fitted'  piston  may  also  be  thrown  out  of  line 
by  the  action  of  the  spring,  and  thus  produce  excessive  friction. 

The  theory  was  advanced  at  the  last  meeting  of  the  American 
Society  of  Mechanical  Engineers  that  the  double  line  shown  in 
many  of  the  tests  of  indicators  is  due  to  what  may  be  called  a  lag 
in  the  spring.  That  is,  if  the  lines  for  a  rising  and  falling  pressure 
do  not  agree  with  each  other,  it  was  suggested  that  the  fault  may  lie 
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in  the  spring  itself.  In  the  tests  of  the  springs  used  in  the  compari- 
sons which  follow,  no  double  lines  were  shown  with  a  rising  and 
falling  pressure  when  tested  with  an  accurately  calibrated  gauge. 

In  these  tests,  the  lag  of  the  gauge  itself  was  determined  and 
allowed  for.  In  the  tests  of  the  springs,  made  through  the  courtesy 
of  Commodore  George  W.  Melville  at  the  Brooklyn  Navy  Yard,  the 
lines  for  a  rising  and  falling  pressure  agreed  to  within  about  one 
sixty-fourth  of  an  inch.  The  variation  in  this  case  was  not  accounted 
for  definitely,  but  it  may  have  been  due  to  the  action  of  inertia  in 
the  moving  mercury  column.  The  average  results,  however,  for 
a  rising  and  falling  pressure  in  the  tests  at  the  Navy  Yard  agreed 
with  those  obtained  by  ourselves  from  diagrams  in  which  there 
were  no  double  lines. 

Special  tests,  described  further  on  in  this  paper,  show  that 
there  was  no  appreciable  lag  in  the  spring,  so  that  it  follows  that 
indicators  may  be  made  to  give  the  same  results  with  rising  and 
falling  steam  pressures.  If,  therefore,  there  is  a  difference  found 
between  the  lines,  it  should  be  sought  out  and  eliminated,  as  the 
friction  which  causes  this  difference  may  produce  an  error  in  the 
power  measurements. 

The  tests  also  show  that  the  variation  of  the  weight  of  the 
moving  parts,  within  the  limits  now  employed  by  makers  of  the 
standard  instruments,  does  not  affect  the  accuracy  of  the  results 
obtained  by  the  indicators.  To  prove  this  fact  in  a  conclusive  way, 
a  weight  was  attached  to  the  piston  of  one  of  the  indicators,  equal 
to  the  weight  of  the  moving  parts,  including  the  gravity  component 
of  the  pencil  motion,  and  it  was  found  that  the  addition  of  this 
weight,  which  made  the  mechanism  heavier  than  that  in  any  of  the 
current  makes  of  indicators,  did  not  introduce  an  error. 

The  hot  scales  of  the  springs  were  determined  as  follows:  The 
indicators  were  subjected  to  a  steam  pressure  which  was  measured 
by  a  gauge  so  arranged  that  it  was  perfectly  cool.  The  pressure 
^as  adjusted  to  the  desired  amount,  and  lines  were  traced  by  the 
indicator  pencil.     In   making  a  record,  the  pencil  of  the  indicator 
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was  first  raised  slowly  and  gradually  released,  and  a  line  traced;  it 
was  then  pressed  downward  and  released  gradually,  and  a  second 
line  traced.  For  indicators  in  correct  adjustment  these  lines  coin- 
cided exactly,  or  so  nearly  that  there  was  not  the  thickness  of  a  very 
fine  pencil  line  between  them.  The  scales  derived  by  the  above 
method  were  found  to  agree,  as  has  been  already  stated,  with  those 
determined  in  tests  made  at  the  Brooklyn  Navy  Yard,  in  which  the 
indicators  were  compared  directly  with  a  mercury  column. 

As  the  scale  of  an  indicator  spring  varies  for  different  heights 
of  the  diagram,  it  is  impossible  to  say  from  a  simple  mspection  of 
the  indicator  card,  and  of  the  results  of  the  tests,  which  scale  should 
be  used  to  determine  the  mean  eflfective"  pressure.  The  general  way 
we  have  adopted  has  been  to  employ  the  scale  over  the  range  of 
about  the  mean  forward  and  the  mean  back  pressure;  but,  in  the 
present  investigation,  it  was  thought  advisable  to  go  further,  and  to 
employ  the  scales  corresponding  to  each  portion  of  the  diagram. 

There  may  be  an  error  involved  in  employing  scales  determined 
over  any  pa^rticular  range  of  pressure.  Thus,  in  the  four  indicators 
that  were  tested,  if  the  scales  had  been  determined  over  a  range  of 
ICO  pounds  per  square  inch  above  the  atmosphere,  which  was  about 
20  pounds  greater  than  the  initial  pressure,  the  error  of  so  doing 
would  have  been  as  a  maximum  3  percent.,  or,  adding  opposite  signs, 
5  per  cent.  If  the  range  had  been  from  the  atmosphere  to  the  ini- 
tial pressure,  the  error  would  have  been,  as  a  maximum,  about  i  per 
cent.,  or,  adding  opposite  signs,  2  per  cent. 

If  the  scales  were  determined  between  the  mean  forward  and 
the  mean  back  pressure,  the  error  would  have  been  only  i  per  cent., 
adding  opposite  signs,  but  this  small  variation  is  exceptional,  and 
cases  are  often  met  in  which  the  error  is  greater  than  this  amount. 

There  is  an  element  of  uncertainty  which  enters  in  the  use  of 
an  indicator  spring,  from  the  fact  that  it  may  not  beat  precisely  the 
same  temperature  when  employed  in  power  measurements  as  it  at- 
tains during  the  tests  to  determine  the  hot  scale.  This  error  would 
tend  to  affect  all  indicator  springs  in  the  same  direction,  so  that  it 
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does  not  alter  the  comparative  results  shown  by  different  indicators 
working  under  the  same  conditions,  but  it  may  be  of  importance  in 
determining  the  absolute  scales.  The  total  amount  of  the  error 
is  small,  and  will  be  made  the  subject  of  a  future  investigation. 

The  method  of  correcting  for  all  variations  in  the  scales  is  as 
follows: 

Fig.  I. 
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DIVISION    OF   INDICATOR    CARD    IN    ORDER    TO    OBTAIN    THE    Ei^UIVALBNT    SCALE 
CORRECTED   FOR   ALL   VARIATIONS   IN   THE   SCALE   OF   THE   SPRING. 


Divide  the  card  by  a  number  of  ordinates  at  equal  distances 
apart,  as  represented  in  Fig.  i.  Measure  the  areas  A^,  Ag,  etc., 
included  between  the  forward -pressure  line  and  the  atmospheric 
line,  and  the  areas  B,,  Bg,  etc.,  between  the  back-pressure  line  and 
the  atmospheric  line.  Multiply  each  area  by  the  scale  correspond- 
ing to  the  average  pressure,  and  let  SA  be  the  sum  of  the  areas 
multiplied  by  the  scales  for  the  forward-pressure  line,  and  SB  be 
the  sum  of  the  areas  multiplied  by  the  scales  for  the  back-pressure 
line,  then  the  equivalent  scale  which  the  average  height  of  the 
indicator  card  should  be  multiplied  by  in  order  to  obtain  the  true 
mean  effective  pressure  will  be  [SA-SB]  divided  by  the  area  of  the 
indicator  card. 

In  calculating  the  equivalent  scales  the  largest  and  smallest 
cards  of  the  set  are  taken;  and,  if  the  scales  for  these  two  cards  are 
nearly  the  same,  the  scales  for  intermediate  cards  may  be  determined 
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by  interpolation.  If  the  scales  arc  widely  different  for  the  largest 
and  smallest  cards,  that  of  one  or  more  of  the  intermediate  cards 
should  be  calculated.  In  the  present  investigation,  however,  the 
equivalent  scale  of  the  largest  and  smallest  cards  of  one  set  were 
found   to  agree  within  the  limits  of  practical  error,  so  that  the 
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equivalent  scales  for  the  other  sets  were  taken  as  those  correspond- 
ing to  the  average  card.  The  results  of  the  comparisons  at  one- 
quarter  cut-off,  employing  the  equivalent  scales  corrected  as  above 
for  all  variations,  are  given  in  Table  I.;  and  for  scales  determined 
between  about  the  mean  forward  and  the  mean  back  pressure  are 
given  in  Table  II.  The  four  indicators  tested  are  marked  in  the 
tables  Old  Form  of  A,  New  Form  of  A,  B,  and  C. 
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An  examination  of  Table  I.,  in  which  corrections  are  made  for 
all  variations  of  the  scales,  shows  that  the  greatest  difference 
found  between  the  mean  effective  pressures  for  any  two  indica- 
tors was  about  i  per  cent.,  which  is  equivalent  to  a  height  meas- 
ured on  the  diagram  of  0.005  'och.  This  height,  however,  repre- 
sents the  error  of  standardizing  the  indicator  springs,  because  the 


Table  II.— Comparison  of  Indicators  by   Tests  at  One-quarter  Cut-off. 
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heights  in  testing  the  springs  were  not  measured  closer  than  this 
amount.  It  therefore  appears  that  there  is  no  difference  shown  in 
ihe  results  in  Table  I.,  where  corrections  are  made  for  all  variation 
of  scales  that  may  not  be  caused  by  errors  in  standardizing  the 
springs. 
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The  greatest  difference  between  the  mean  effective  pressures 
for  correctly  fitted  pistons,  with  scales  determined  betweeo  abont 
the  mean  forward  and  the  mean  baclc  pressure  as  given  in  Table  II., 
and  the  results  in  which  conections  are  made  for  all  variations  of 
the  scales,  as  given  in  Table  I.,  is  0.04  pound  per  square  inch, 
which  is  equivalent  to  0.007  inch  measured  on  the  diagram,  and 
equal  to  about  i  per  cent,  of  the  mean  effective  pressure. 
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Comparisons  Nos.  1  to  5  are  for  indicators  with  ordinarily  fitted 

pistons  that  were  in  proper  adjustment,  as  shown  in  the  tests  to 
determine  the  hot  scales. 

In  comparison  No.  6  a  weight  was  attached  to  the  piston  of 
the  Old  Form  of  K  indicator  equal  to  the  weight  of  the  moving  parts, 
including  the  gravity  component  of  the  pencil  motion;  the  addition 
of  this  weight,  as  previously  slated,  did  not  introduce  an  error. 
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Comparison  No.  7  gives  the  result  of  a  tight  piston  in  the  Old 
Form  of  A  indicator.  This  piston  would  fall  through  the  cylinder 
of  the  indicator  by  its  own  weight,  when  all  oil  was  removed;  but,  in 
the  tests  to  determine  the  hot  scale,  the  distance  between  the  lines, 
on  pressing  the  pencil  up  and  down,  was  about  one  sixty-fourth  of 
an  inch.  The  results  show  that  the  mean  effective  pressure  is  the 
same  as  for  the  correctly  fitted  piston.  This  is  probably  due  to  the 
fact  that  the  form  of  the  card  is  such  that  the  friction  tends  to  pro- 

Table  IV. — Comparison  of  Scales  Obtained  in  Tests  at  the  Navy  Yard 

and  by  Employing  Our  Own  Standard, 


Pressure  in 
Poundsper 
Sqoare  Inch 
Above  Atmos- 
phere. 

Scale  of  Diagram  in  Pounds 
PER  Square  Inch. 

Corresponding 

Indicator. 

Navy  Yard 
Mercury 
Column.* 

Derived  from 
Gauge  Stand- 
ardized by 
Weight  Device. 

Difference  in 
Ifeasurins:  Dia- 
gram in  Inches. 

Old  A 

Old  A 

New  A 
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CO  0                        en  0 
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♦  Average  results  for  rising  and  falling  pressures. 


duce  too  high  a  back-pressure  line,  as  well  as  too  high  an  expan- 
sion line,  and  the  error  is  thus  neutralized.  It  was  to  introduce 
the  error  of  friction,  so  as  to  make  it  conspire  to  add  to  the  area  of 
the  card,  that  the  tests  at  the  short  cut-off  given  in  Table  III.  were 
projected.  The  cards  taken  in  making  these  comparisons  gave  a 
^oop  in  the  expansion  line,  so  that  any  friction  or  lost  motion  tended 
to  add  to  the  area  of  the  diagram.  An  examination  of  this  table 
^'ill  show  that  the  discrepancies  in  the  mean  heights  of  the  cards 
are  slightly  greater  than  at  one-quarter  cut-off  for  all  the  compari- 
S'^ns.     In  test  No.  14,  which  is  for  the  tight  piston,  the  effect  of 
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friction  is  to  increase  the  area  of  the  diagram,  as  can  be  seen  by 
examining  the  loop  on  cards  Nos.  9  and  12,  one  of  which  is  taken 
with  the  ordinarily  fitted  piston,  and  the  other  with  the  tight  piston. 
Table  IV.  gives  the  results  of  tests  made  at  the  Brooklyn  Navy 
Yard,  together  with  those  made  by  ourselves  at  the  same  pressures. 

Table  V, — Determination  of  Hot  Scales  of  Indicator  Springs.    Fifty- 
one  Pounds  Pressure  fer  Sguare  Inch. 
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The  determinations  of  the  bot  scales  for  the  three  sizes  of  pistons  for 
the  Old  Form  of  A  Indicator  were  made  both  before  and  after  the  dyna- 
mic tests  coraparing  the  pistons.  As  the  tight  and  the  ordinarily  fitted 
piston  gavs  heights  in  the  testa  for  the  hot  scale  which  agreed  within  the 
errors  of  observation  with  the  values  determined  on  October  1 7.  the  scale 
obtfti::ed  on  October  17  was  adhered  to  in  calculating  the  mean  effective 
pressures  from  the  indicator  cards. 

In  these  tests  the  indicators  were  compared  directly  with  a  mercury 
column.  The  tests  at  the  Navy  Yard  were  made  after  all  our  tests 
had  been  completed. 

The  basis  of  pressure  employed  by  ourselves  was  the  Utica 
Steam  Gauge  Company's  device,  in  which  a  flat  plate  is  held  down 
by  a  weight  over  a  i-inch  square  opening  having  knife  edges;  » 
fluid  pressure  of  oil  is  made  to  act  under  the  plale,  which  will  raise 
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when  the  pressure  in  pounds  per  square  inch  is  equal  to  the  weight 
holding  down  the  plate.  The  hot  scales  were  redetermined  at  in- 
tervals during  and  at  the  close  of  the  dynamic  tests,  to  make  certain 
that  there  was  no  change. 

The  greatest  difference  between  the  average  results  of  the  two 
sets  of  tests  is  equivalent  to  a  height  on  the  diagram  of  .002  inch, 
which  is  within  the  error  of  duplicate  measurements. 


Table  VI. — Determination  of  Hot  Scales  of  Indicator  Springs, 

Tests  to  Show  that  th«  Springs  did  not  ChanRs  During  the  Time  that  They  were  in 

Use.   Fifty-one  Pounds  Presstire  per  Square  Inch. 


Old  Form  of  A  Indi- 
cator. 

New  Form  of  A  Indicator. 

Indicator  C. 

Date. 

Height  in 
Inches. 

Date. 

Height  in 
Inches. 

• 

Nov.  8. 
Nov.  8. 
Nov.  8. 
Nov.  8. 
Nov.  9. 
Nov.  9. 
Nov.  9. 

.870 
.870 
.865 
.870 
.S70 
.870 
.870 

Nov.  8. 
Nov.  8. 
Nov.  8. 
Nov.  9. 
Nov.  9. 
Nov.  9. 

.620 
.620 
.620 
.630 
.630 
.630 

Nov.  8. 
Nov.  8. 
Nov.  8. 

1.045 
1.045 
1.050 

Average. . . 

.S69 

.625 

1.047 

The  scales  of  Old  and  New  A  and  of  C  are  shown  by  the  above  to  have 
remained  unaltered  during  the  tests.  The  scale  of  Indicator  B  could  not 
be  determined  at  the  time  the  above  tests  were  made,  because  the  cylinder 
had  been  removed  from  it  and  made  to  fit  over  a  special  tight  piston.  The 
comparative  tests  of  Old  A  and  Indicator  B  in  ordinary  condition  that  were 
made  before  each  special  test  show,  however,  that  there  was  no  change  in 
the  scale  of  Indicator  B. 


A  gauge  was  compared  with  the  Utica  company's  weight  device 
and  carried  to  the  Navy  Yard,  together  with  the  indicators.  The 
corrected  readings  of  the  gauge  agreed  with  the  Navy  Yard 
standard. 
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SPECIAL   TESTS    SHOWING    THAT    INDICATORS    IN    CORRECT    ADJUST- 
MENT   WILL   GIVE    THE    SAME    RESULTS    FOR    KISING 
AND    FALLING    PRESSURES. 

To  determine  the  exact  facts  regarding  the  possibility  of  a  lag 
in  the  springs  of  the  indicators,  special  tests  were  made  after  the 
meeting.  The  first  set  of  tests  consisted  in  applying  a  dead  weight 
to  the  piston  of  an  indicator,  and  obtaining  the  lines  for  increasing 
and  decreasing  loads.  To  do  this  the  indicator  was  held  in  a  frame 
with  the  drum  downward,  and  a  rod  was  made  to  press  against  the 

Table  VII. —  Tests  of  Indicators  at  Measurements  in  Detail  for  a  Given 

Pressure,  Brooklyn  Navy   Yard. 

Heights  in  Inches  corresponding  to  50  pounds  per  square  inch  above  the  atmosphere. 


Number  of  Card. 
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Difference  in  height  on  di-^ 
agram  between  our  own  | 
and  the  Navy  Yard  tests. , 
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Indicator  C. 


1.030 
1.030 
1.020 
1.030 


1.027 

48.7 


1.025 


.002 


piston,  which  was  fitted  with  a  special  piece  to  hold  the  end  of  the 
rod  in  a  central  position.  The  rod  was  attached  to  a  yoke  at  its 
upper  end,  which  passed  downward  at  each  side  of  the  frame.  A 
pan  for  weights  was  attached  to  the  yoke.  The  weight  was  thus 
made  to  hang,  freely,  directly  from  the  center  of  the  piston,  and 
compressed  the  spring,  while  the  latter  was  held  in  the  same 
position  it  occupied  during  the  tests  with  steam  pressure.  These 
tests  showed  that  there  were  no  double  lines  produced  with  increas- 
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ing  and  decreasing  loads,  so  that  the  lag  due  to  the  spring  itself 
was  less  than  could  be  appreciated  in  indicator  measurements. 

Tests  were  made  with  the  spring  cold,  and  also  with  the  spring 
heated  by  steam. 

A  second  series  of  tests  was  made  by  connecting  two  indi- 
cators to  the  indicator-testing  device  so  that  both  were  acted  on 
by  the  same  pressure.     A  line  was  taken  with  both  indicators  for 


Table  VIII. — Observations  in  Detail  for  One  Comparative  Test. 

New  Form  of  A  Indicator  and  Old  Form  of  A  Indicator.    Pistons  of  indicators  in 
ordinary  condition.    Test  No.  x.  Cut-off  =  ^.    October  z6,  xSgj. 
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Sceam  Pressure  in 
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Indicator  New  a. 
Scale  s  81.7. 

Indicator  Old  a. 
Scale  =  58.8. 

Difference  between 
M.E.  P.  of  Simul- 
taneous Cards. 

No.  of 
Card. 
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Height  of 
Card  in 
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Mean  Effect- 
ive Pressure 
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Incn. 

Mean 

Height  of 
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Mean  Effect- 
ive Pressure 
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per  Square 

I 

2 

I04 
104 
104 

192 
190 

189 
202 
190 
192 

185 
190 

191 

192 

193 
190 

.538 

.550 

44.0 

iLl.Q 

.742 
.770 
.766 

.791 
.799 
.783 
.771 
.793 
.765 
.791 
.792 

.774 

43.6 

45.3 
45.0 

46.5 
47-0 
46.0 

45.3 
46.6 

45.0 

46.5 
46.6 

45.5 

-1-0.4 

—0.4 
-f-i.o 

3 

.563      1         46.0 
.571               46.6 
.567              46.3 

.554              ^'^■'^ 

4 

T            •      •              •                       •       • 

6 

103 
108 
103 
103 
106 

lOI 

106 
106 
103 

4-0. 1 
—0.7 
— 0.7 

^  •  •  •    

8 

10 

II. 

12.       ..     . 

.551 
.567 
.538 
.563 
.567 
•547 

45.0 
46.3 
44.0 
46.0 

46.3 
44.7 

—0.3 
—0.3 
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45.4 
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—0.3 

a  rising  pressure  at  40  pounds  per  square  inch,  and  the  cock  to 
one  of  the  indicators  was  then  turned  so  as  to  shut  off  the  steam. 
The  pressure  was  then  raised  to  about  80  pounds,  so  that  one  of 
the  indicators  was  subjected  to  this  pressure,  whereas  the  other, 
which  was  shut  off,  was  not.  The  pressure  was  then  gradually 
diminished  until  the  gauge  registered  40  pounds,  when  it  was  cor- 
rected for  a  slight  lag,  and  lines  were  taken  with  both  instruments. 
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There  was  no  double  line  for  either  indicator.  The  indicator  which 
was  not  subjected  to  over  40  pounds  pressure,  so  that  both  lines 
were  for  a  rising  pressure,  therefore  showed  that  the  amount  allowed 
for  the  lag  of  the  gauge  was  correct,  and  the  indicator  which  was 
subjected  to  both  a  rising  and  falling  pressure  showed  that  no 
double  line  was  produced  from  this  cause. 

A  third   series  of  tests  was  made  in  the  following  manner: 
An  indicator  was  first  subjected  to  a  high  pressure,  and  a  tine 


Indicator  Old   A,— Calculation  of  Ike   Equivaltnt   Scale  Corrected 

for  A II  VarialioH  in  the  Hot  Scale  of  the  Spring. 
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traced.  The  pressure  was  then  diminished  to  a  certain  reading 
on  the  gauge,  and  a  second  line  taken.  The  pressure  was  then 
preserved  at  a  constant  figure,  and  the  indicator  cock  was  turned 
and  the  atmospheric  line  traced.  The  indicator  cock  was  then 
opened,  and  a  line  traced  at  the  constant  pressure  registered  by  the 
gauge.     These  lines,  which  were  for  a  rising  and  falling  pressure. 
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agreed  with  each  other.  As  the  gauge  reading  was  not  altered 
between  the  time  that  the  lines  were  taiten,  the  effect  of  lag  in  the 
gauge  was  eliminated.  On  opening  ihe  indicator  cock,  to  obtain 
the  line  for  a  rising  pressure,  the  pressure  increased  suddenly;  and, 
to  make  sure  that  this  did  not  affect  the  result,  tests  were  made,  in 
which  a  valve  was  placed  between  the  indicator  cock  and  the  steam 
reservoir,  so  that  the  pressure  could  be  raised  very  slowly,  as  well 
as  lowered  very  slowly.  The  lines  for  rising  and  falling  pressures 
also  agreed  in  this  case. 

Tabu  X. 

I.NDICATOR    Old  K.— Calculation  of  tkt  Equivaltnt    Scale  Corrected 

for  Alt  Variation  in  the  Hot  Scale  of  the  Spring. 

Smallest  Card  of  Set. 


Equivalent  scale  —  (132.57 


)  +  {I.  a. 


0.19)  =  58.3. 


Several  springs  not  used  in  the  comparative  tests  were  experi- 
mented on  by  the  above  methods,  and  in  no  case  was  there  a  lag 

It  follows  from  these  tests  that  there  is  no  appreciable  lag  in 
ihe  springs,  and  that  indicators  in  correct  adjustment  will  give  the 
same  results  for  rising  and  falling  pressures. 
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METHOD  OF    MEASURING    THE    MEAN    EFFECTIVE    PRESSURES. 

The  indicator  cards  were  measured  by  two  parties.  The  first 
observer  measured  the  area  by  going  around  each  card  twice  with 
an  Amsler  planimeter,  and  took  a  mean  of  the  two  readings,  pro- 
vided they  agreed  to  within  ,02  square  inch.  If  the  discrepancy 
was  greater  than  this,  the  card  was  gone  over  until  it  fell  within 
the  above  amount.  The  results  were  then  tabulated.  The  second 
observer  worked  in  a  similar  way,  and  prepared  a  second  table, 
which  was  compared  with  the  one  obtained  by  the  first  observer. 
In  general  the  reading  in  these  tables  agreed  to  within  one  or  two 
hundredths  of  a  square  inch,  and,  if  this  was  the  case,  the  average 
value  was  employed  in  determining  the  mean  height.  In  a  few 
cases,  however,  mistakes  in  reading  gave  larger  discrepancies, 
which  were  corrected  before  obtaining  the  mean  values. 

The  planimeters  were  tested  by  revolving  the  tracing  point  in 
a  circle  by  means  of  a  radius  piece.  Each  instrument  was  tested 
over  several  sizes  of  circles.  The  readings  for  each  revolution 
were  taken  for  ten  consecutive  revolutions,  and  the  differences  of 
these  readings  were  found  to  agree  within  .03  square  inch  for  an 
area  larger  than  any  of  the  indicator  cards,  which  demonstrated  that 
the  instrument  would  give  concordant  readings  to  within  .01  of  a 
square  inch.  This  is  a  severe  test  for  a  planimeter,  as  any  irregu- 
larity in  the  wheel,  or  want  of  alignment  in  the  axle,  will  cause 
differences  in  the  readings  for  a  given  circle,  or  an  alteration  in 
the  constant  for  various  sizes  of  circles  and  different  positions  of 
the  fixed  point. 

Figures  2  to  16  give  the  indicator  cards  obtained  in  the  several 
tests. 

Tables  V.,  VI.,  and  VII.,  give  the  details  of  the  calibration  of 

the  indicator  springs.     Table  VIII.  gives  the  details  of  one  of  the 

comparative  tests  at  one-quarter  cut-off.      Tables  IX.  and  X.  give 

the  calculations  of  the  equivalent  scales,  corrected  for  all  variations 

in  the  hot  scale  of  the  spring,  for  the  largest  and  smallest  card 

taken  at  about  one-quarter  cut-off  with  Indicator  Old  A. 
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PlO.  a. 

New  Form  of  Indicator  A. 

Test  No.  I.    Table  VIII.    Card  No.  6. 

Revolutions  ^192.    Steam  pressure  —  103  pounds. 

Equivalent  scale  corrected  for  all  variations  —  80.9  pounds. 


Fig.  1. 
Old  Form  of  Indicator  A  in  ordinary  condition. 
Test  No.  2.     Card  No.  7. 

Revolutions  —  197.     Steam  pressure  — =  96  pounds. 
Equivalent  scale  corrected  for  all  variations  —  58.3. 


Fig.  4. 
Indicator  B. 

Test  No  2.     Card  No.  7. 

Revolutions  —  197.     Steam  pressure  —  96  pounds. 

Equivalent  scale  corrected  for  all  variations  =-  58.2. 
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PlO.  5. 

Indicator  C. 

Test  No.  3.    Card  No.  i. 

Revolutions  —  199.    Steam  pressure  —  95  pounds. 

Equivalent  scale  corrected  for  all  variations  ^  48.6. 


Fig.  6. 
Old  Form  of  Indicator  A  with  weight  attached  to  piston. 
Test  No.  5.     Card  No.  3. 

Revolutions  —  189.    Steam  pressure  —  94  pounds. 
Equivalent  scale  corrected  for  all  variations—  58.3  pounds. 


Fig.  7. 
Old  Form  of  Indicator  A  with  loose  piston. 
Test  No.  7.    Card  No.  4. 

Revolutions  —  196.     Steam  pressure  —  96  pounds. 
Equivalent  scale  corrected  for  all  variations  —  58.9. 
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PlO.  8. 

Old  Form  of  Indicator  A  with  tight  piston. 

Test  No.  8.    Card  No.  i. 

Revolutions  =  195.    Steam  pressure  ^  95  pounds. 

Equivalent  scale  corrected  for  all  variations  =  58.3  pounds. 


Fig.  q. 


Old  Form  of  Indicator  A  in  ordinary  condition. 
Test  No.  9.     Card  No.  i. 

Revolutions  =  184.    Steam  pressure  —  93  pounds. 
Hot  scale  of  spring  =  58.8  pounds. 


Fig.  10. 
Indicator  B. 

Test  No.  9.     Card  No.  i . 

Revolutions  —  184.    Steam  pressure  —  93  pounds. 

Hot  scale  of  spring  —  58.6  pounds. 
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PlO.   II. 

Old  Form  of  Indicator  A  with  weight  attached  to  piston. 
Test  No.  lo.     Card  No.  6. 

Revolutions  —  178.    Steam  pressure  ^  96  pounds. 
Hot  scale  of  spring  —  58.8  pounds. 


Pig.  13. 
Old  Form  of  Indicator  A  with  tight  piston. 
Test  No.  II.     Card  No.  2. 

Revolutions  —  176.    Steam  pressure  —  93  pounds. 
Hot  scale  of  spring  —  58.8  pounds. 


Fig.  13. 
Old  Form  of  Indicator  A  with  loose  piston. 
Test  No.  12.     Card  No.  6. 

Revolutions  —  170.     Steam  pressure  —  92  pounds. 
Hot  scale  of  spring  —  59.9  pounds. 
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PlO.    14. 

Indicator  C. 

Test  No.  13.    Card  No.  i. 

Revolutions  —  176.    Steam  pressure  —  94  pounds. 

Hot  scale  of  spring  —  48.8  pounds. 


Fig.  15. 
New  Form  of  Indicator  A. 
Test  No.  14.     Card  No.  6. 

Revolutions  —  176.     Steam  pressure  —  94  pounds. 
Hot  scale  of  spring  —  81.7  pounds. 


Fig.  i6. 
Old  Form  of  Indicator  A  in  ordinary  condition. 
Test  No.  14.    Card  No.  3. 

Revolutions  —  176.     Steam  pressure  =  97  pounds. 
Hot  scale  of  spring  — =  58.8  pounds. 


LECTURE  NOTES  ON  ENGINEERING  PRACTICE. 


BY    COLEMAN    SELLERS,    E,    D, 


PERSONAL   CONDUCT. 

IT  is  of  paramount  importance  that  young  men  aiming  to  be 
engineers  in  the  broadest  sense  of  the  word  should,  with  their 
scientific  education,  cultivate  habits  of  deportment  that  will  make 
them  distinguished  as  gentlemen.  The  gentleman  I  have  in  my 
mind  may  not  be  pictured  in  words  to  my  satisfaction.  He  cer- 
tainly has  nothing  to  distinguish  him  from  his  fellow-workmen  as 
repulsive  to  those  socially  below  him.  He  must  feel  at  home  with 
all  classes  of  men  and  be  attractive  to  all,  high  or  low.  He  must 
inspire  confidence  by  keeping  down  his  own  personality.  He  must 
not  be  egotistical;  he  must,  above  all  things  else,  be  just — just  to 
his  employers,  just  to  those  who  work  for  him.  He  must  be  firm 
in  his  convictions,  but  have  moral  courage  enough  to  enable  him 
to  own  to  errors  in  his  work  or  in  his  judgment  when  he  has  dis- 
covered such  errors  or  had  them  pointed  out  to  him.  If  he  aims 
to  get  at  the  truth,  he  will  care  for  nothing  else.  You  will  be 
obliged  to  build  up,  each  for  himself,  a  reputation  for  reliability  and 
for  stability. 

Those  men  who  have  risen  to  great  prominence  as  engineers, 
from  low  estate  with  limited  educational  advantages,  have  won 
their  way  by  being  ready  at  all  times  to  do  not  only  their  whole 
duty,  but  to  do  very  much  more  than  is  demanded  of  them.  He 
who  stands  on  his  dignity  and  measures  his  work  by  the  remunera- 
tion he  obtains  at  the  moment;  he  who  does  little  because  he  con- 
siders himself  underpaid  and  not  appreciated,  is  very  apt  to  be 
distrusted,  if  he  meets  with  no  worse  treatment. 


Lecture  Notes,  87 

My  advice  holds  good  when  the  situation  warrants  your  best 
exertions. 

Sir  Edwin  Arnold,  in  his  Birmingham  dddress,  quoted  the 
"Ahensa,"  the  doing  no  injury,  like  the  golden  rule  of  Christ,  as  the 
last  word  of  Hafiz  in  his  Persian  verse: 

'*  Do  no  one  wrong,  then  do  what  thou  wilt, 
My  statutes  recognize  no  other  guilt." 

It  may  be  quite  out  of  the  exact  line  of  engineering  practice  to 
treat  of  ethical  subjects,  but  as  I  have  had  to  work  my  way  in  the 
struggle  of  life  against  great  odds,  and  am  old  enough  to  advise 
you,  I  would  fail  in  my  duty  if  I  did  not  urge  you,  each  one  to  do 
your  best  in  all  your  efforts,  winning  confidence  by  doing  no  one 
wrong. 


VALUE     OF     PRACTICE     IN     MATHEMATICS    AND     IN     USE    OF     EXACT 

EXPRESSIONS. 

Many  men  have  become  distinguished  in  original  research  who 
have  attained  their  distinction  as  engineers  without  having  had  the 
opportunities  offered  by  technical  schools  like  the  Stevens  Institute 
of  Technology;  but,  from  the  fact  that  they  have  succeeded,  it  must 
not  be  inferred  that  their  course  was  an  easier  one,  or  the  road  a 
better  one  to  lead  to  the  desired  end.  The  fact  that  Michael 
Farraday  was  not  a  professed  mathematician  might,  in  his  case,  have 
been  to  his  advantage  in  one  respect,  as  he  was  compelled  to  rely 
upon  the  clear  mental  picture  formed  of  every  operation  in  physics 
resulting  from  his  experiments,  and  from  this  mental  picture  of 
what  he  conceived  to  be  going  on  with  matter,  whether  ponderable 
or  imponderable,  he  drew  conclusions  from  the  experiments  that 
led  him  to  theorize.  Had  he  been  possessed  of  the  faculty  as  well 
as  the  knowledge  inherent  in  a  professed  mathematician,  he  could 
have  worked  more  rapidly,  because  he  could  have  used  symbols  to 
represent  each  one  of  the  separate  conditions  of  each  problem,  and 
those  symbols  could  have  been  grouped  in  equational  form,  from 
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which  a  rational  conclusion  would  have  been  reached  by  ordinary 
algebraical  process.  Without  this  knowledge,  however,  Farraday 
had  some  limited  advantage  in  the  fact  that  he  probably  made 
fewer  mistakes.  Those  who  appreciate  the  value  of  symbols  and 
are  careful  and  painstaking  in  their  work  need  have  little  fear  of 
errors  in  what  they  are  doing,  provided  they  are  able  to  check  their 
symbolic  calculations  by  graphical  methods,  when  possible.  One 
who  has  not  been  educated  as  a  mathematician  is  not  competent  to 
form  an  opinion  as  to  whether  all  men  can  acquire  a  modern  sym- 
bolic method  of  scientific  work.  I  have  no  reason  to  believe  that  it 
is  impossible,  but  very  likely  most  of  those  people  who  are  un- 
trained in  mathematics  experience  difficulty  in  taking  up  such 
methods  late  in  life  from  the  fact  that  they  have  not  had  a  ground- 
ing in  the  meaning  of  the  terms  which  seem  so  unfamiliar  to  them 
at  the  start. 

I  would  caution  each  oneof  you,  upon  leaving  school  and  going 
into  active  business,  to  lose  no  chance  to  keep  well  up  in  your 
mathematical  studies  by  an  effort,  by  doing  work  of  any  kind  in 
your  off  hours  which  will  prevent  you  from  growing  rusty  in  what 
you  have  learned  at  school.  This  is  easier  if  you  are  following 
engineering  as  a  profession.  Then  there  is  frequent  call  for  you  to 
use  this  knowledge,  and  each  day  you  find  new  opportunities  to 
.keep  up  your  practice,  but,  on  the  other  hand,  the  amount  of  work 
that  is  required  from  each  one  of  us  in  these  last  years  of  the  nine- 
teenth century,  often  leaves  the  mind  and  body  too  fatigued  after 
the  day's  labor  to  give  attention  to  studies  that  are  not  of  prime 
necessity,  for  the  moment,  in  our  lives.  The  economy  of  an  engi- 
neering establishment  calls  for  each  one  to  do  his  best  in  his  own 
province;  and,  if  he  can  delegate  to  another  the  purely  mathematical 
part  of  his  work,  he  is  sorely  tempted  to  do  so,  for  the  reason  that 
it  leaves  him  the  more  time  to  do  that  work  which  is  really  the 
most  profitable  for  him  to  prosecute.  So  it  has  come  now  to  the  con- 
dition of  employing  men  in  all  large  establishments  especially  for 
he  mathematical  part  of  the  work.     Those    who  are  engaged  in 
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actual  experiments  hand  over  their  accumulated  data  to  others 
to  formulate  and  put  into  shape  for  their  reports  for  practical 
use. 

The  demand,  too,  for  expert  testimony,  is  greater  than  formerly, 
and  the  fact  that  all  engineers  are  liable  at  some  time  to  be  called 
into  court  to  testify,  should  make  them  careful  to  learn  the  value  of 
words,  and  to  acquire  habits  of  quick  mental  operation,  and  also  to 
acquire  the  habit  of  memorizing  and  localizing  all  their  knowledge 
obtained  by  experience.  Those  men  who  are  called  upon  to  give 
testimony  before  a  jury  or  before  a  master  soon  appreciate  the 
difficulty  of  the  position,  and,  if  they  lack  ready  command  of  lan- 
guage, they  stumble,  and  are  covered  with  confusion,  when  probably 
they  are  fully  competent  to  give  the  testimony  asked  of  them.  To 
acquire  the  habit  of  expressing  one's  self  clearly  before  others,  it  is 
well  to  carefully  weigh  one's  words,  and  to  not  be  over-hasty  in 
expressing  conclusions  without  thinking  carefully  as  to  the  possible 
use  that  can  be  made  of  the  testimony  one  is  giving.  Each  question 
that  is  propounded,  particularly  in  cross-examination,  must  have  a 
meaning  that  is  leading  up  to  something  that  is  presently  to  be 
sprung  upon  the  witness.  If  one  fully  understands  the  case,  he  has 
in  hand,  understands  it  as  if  it  was  part  of  himself,  and  then  makes 
no  effort  to  go  beyond  the  exact  truth  as  he  understands  it,  he 
stands  less  chance  of  being  wrecked  in  cross-examination,  than  he 
does  when  he  aims  to  sustain  a  position  which  he  does  not  feel  in 
his  heart  to  be  a  sound  one,  and  yet  for  politic  reasons  he  may 
think  it  his  duty  to  endeavor  to  maintain.  Superficial  knowledge 
is  very  dangerous  at  such  times.  In  fact,  whatever  we  have  to  do 
is  worth  doing  well  from  the  start,  no  matter  how  trivial  each 
separate  item  of  that  work  may  be.  Success  in  life  depends  upon 
the  faculty  of  taking  pains,  and  it  is  this  taking  pains  as  to  each 
minute  particular  of  everything  that  we  have  to  do  that  makes  the 
total  of  our  work  acceptable,  and  what  it  should  be. 
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BROADENING  OF  THE    FIELD    OF    STUDY    IS    WIDENING    OF    THE    PATH 

OF    LIFE. 

Mr.  DeCourcy  May,  when  at  school  in  Paris,  had  an  opportunity 
to  be  present  at  a  trial  of  some  steam  engine  or  plant,  at  which  time 
there  was  a  notable  gathering  of  distinguished  engineers.  Among 
them  was  Scott  Russel,  to  whom  Mr.  May  was  presented  as  a  young 
American  aiming  to  become  an  engineer.  He,  in  the  enthusiasm  of 
youth,  asked  this  noted  man  if  he  could  advise  him  as  to  any  par- 
ticular line  of  study  he  should  take  up  with  the  prospect  of  its 
being  of  use  to  him  in  his  after  life.  After  a  moment's  thought  and 
consideration,  the  engineer  replied:  "Well,  young  man,  I  should 
advise  you  to  study  Chinese";  and,  seeing  the  look  of  astonishment 
on  the  youth's  face,  he  then  qualified  this  statement  by  explaining 
that  no  one  could  foretell  what  might  be  of  the  most  use  to  him. 
Often,  by  the  merest  accident,  studies  that  have  apparently  no  par- 
ticular bearing  upon  the  line  of  the  profession  chosen  have  proved 
to  be  the  most  useful. 

The  reason  why  he  named  Chinese,  I  presume,  was  that  by 
naming  the  least  probable  of  all  subjects  for  study  as  being  of  use 
to  an  engineer,  he  could  emphasize  this  condition  of  unexpected 
lines  of  thought  becoming  prominent  factors  in  the  life  of  an  engi- 
neer. My  own  experience  has  been  full  of  incidents  that  would  go 
to  sustain  this  position. 

There  is  a  utility,  too,  in  sometimes  deviating  from  the  beaten 
track  or  line  of  studies  that  is  laid  down  as  needful  for  any  partic- 
ular profession,  whether  it  be  for  law,  or  medicine,  or  divinity,  or 
engineering,  or  anything  else.  The  effect  of  this  widening  of  the 
field  of  study  is  a  widening  of  the  path  in  life.  It  has  also  a  very 
notable  effect  upon  the  growth  of  the  mind.  I  have  had  an  oppor- 
tunity, quite  recently,  of  watching  the  changes  that  have  taken  place 
in  the  work  done  by  professional  men  as  they  advance  in  life. 
With  some,  we  find  that  the  possibility  of  doing  good  work,  as  an 
engineer  particularly,  is  limited  to  something  much  below  the  aver- 
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age  threescore  years  and  ten,  said  to  be  the  ordinary  life  of  man- 
kind. When  active  mental  usefulness  is  extended  beyond  the  ordi- 
nary length  of  time,  it  will  be  found  that  there  is  a  versatility  in  the 
talents  of  the  man.  Those  who  have,  with  the  greatest  perseverance, 
confined  their  line  of  thought  to  one  particular  subject,  and  have 
endeavored  to  do  the  best  work  in  one  direction,  are  usually  those 
who  later  in  life  find  it  impossible  to  pick  up  any  new  subject. 
This  is  very  apparent  at  the  present  time,  when  the  kind  of  education 
that  is  rendered  possible  through  the  technical  schools  is  being 
appreciated.  Men  who  have  distinguished  themselves  as  engineers, 
without  such  technical  education,  are  often  unable  to  keep  up  with 
the  advance  in  the  arts,  owing  to  their  inability  late  in  life  to  apply 
themselves  diligently  and  earnestly  to  new  studies  and  new  lines  of 
investigation.  You  will  find  that  the  men  who  are  at  the  head  of 
large  engineering  establishments,  and  who  have  been  for  many 
years  prominent  as  inventors  in  the  particular  line  of  their  own 
pursuit,  find  it  extremely  difficult  to  take  hold  of  and  understand 
the  modern  science  of  electrical  engineering.  There  is,  perhaps,  no 
branch  of  engineering  practice  that  is  more  easily  understood  and 
mastered  than  the  arithmetic  of  electricity;  but  it  comes  to  the  man 
who  is  not  a  mathematician  as  something  that  is  too  difficult  for 
him  to  take  up,  and  each  time  that  he  comes  to  apply  himself  to  it 
he  meets  with  discouragement,  partly  from  the  lack  of  clearness  in 
the  writers,  and  partly  from  the  great  volume  of  immaterial  matter 
that  hides  the  little  real  truth  that  is  needed  for  a  clear  understand- 
ing of  the  subject. 

If  you  choose  to  follow  this  line  of  thought,  you  will  find  that  the 
mind,  to  remain  active,  must  be,  of  course,  contained  in  a  healthy 
body,  and  advancing  years  are  very  apt  to  bring  with  them  physical 
troubles  that  are  not  conducive  to  mental  exertion ;  but,  even  with  the 
disadvantages  of  physical  disability,  there  may  be  mental  strength, 
if  the  balance  of  forces  has  been  kept  somewhat  even.  No  athlete 
can  become  one  worthy  of  the  name  unless  he  trains  every  muscle 
of  his  body.     No  mental  athlete  can  be  what  he  should  be  unless 
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he,  too,  with  due  care  to  his  physical  welfare,  trains  every  element 
of  his  mental  being. 


THE    VALUE   OF    EXPERIMENTAL    WORK. 

The  cost  incident  to  experimental  research  is  in  many  cases  so 
great  as  to  deter  manufacturing,  light  and  power  companies,  and  the 
like,  from  undertaking  such  experimentation.  Instances  can  be 
cited  where  a  company,  hoping  for  a  return  from  such  venture,  has 
authorized  some  one  ver>*  talented  expert  to  follow  up  one  line  of 
investigation,  which  has  ended  in  finding  that  the  business  profits 
would  not  stand  the  cost  incident  to  the  undertaking.  Such  work 
can  be  done  at  less  cost  when  each  subject  investigated  is  well 
thought  out  in  advance,  and  the  line  of  experiments  mapped  out 
beforehand  to  meet  the  wishes  of  the  administrative  head  of  the 
company. 

No  one  can  visit  the  workshops  of  the  electrical  manufacturing 
companies  without  being  impressed  with  the  number  of  electrical 
experts  employed  in  each;  so  also  with  the  number  of  draughtsmen 
employed,  and  the  extent  of  the  clerical  or  office  force,  all  represent- 
ing an  expenditure  in  wages  alone,  that,  if  not  kept  within  bounds, 
may  readily  consume  all  profits,  as  has  often  been  the  case.  These 
seemingly  un remunerative  employees,  however,  may,  under  proper 
manaj^cmcnt,  prove  more  profitable  than  the  skilled  labor  engaged 
in  the  wf irk. shops. 

f  he  technical  corps  is  mostly  recruited  from  such  schools  as 

•'.*  sffvens  Institute  of  Technology  and  other  technical  schools. 

>  ti*  A  '/j'upp^d  student  may  find  himself  rich  in  experience  after  a 

'  •' «    .',  i  f' h  ;in  establishment,  or  he  may  find  means  to  make  his 

♦  . ':  *  t\,'  uixuv  profitable  by  more  direct  methods. 

1.5  ♦  s  i'.'.A  \  rsia,  with  his  intense  enthusiasm  and  his  wonder- 
t  '  V  .  /  *  V*  ./,.' .•,'!.  jinrKiics  scientific  investigation  as  a  pleasure,  and 
n.4  »^'/f  •'  ..♦  ...fi/«  /  ;iniiot  fail  to  be  the  gainer  from  his  work.  It  is 
tbbti-'a     lii^t    fti.' I,    men    should  find    friends  to   help  them,  and 
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Government  aid  in  such  case  would  be  wise,  but  unfortunately  the 
value  of  any  man's  work  cannot  be  estimated  at  the  beginning,  and 
results  of  great  worth  must  be  obtained  before  his  fitness  as  an 
original  investigator  can  be  appreciated.  Dr.  Tyndall's  unaided 
labors  made  him  worthy  of  the  position  in  the  Royal  Institute  once 
filled  by  Farraday,  by  Thomas  Young,  and  those  who  preceded 
him.  Lord  Kelvin,  as  President  of  the  Royal  Society,  had  achieved 
his  distinction  and  profited,  as  Sir  William  Thomson,  by  his  inven- 
tions made  bv  Professor  Thomson. 

m 

Young  Mr.  Hall,  whose  process  of  extracting  aluminum  from 
the  ores  is  likely  to  make  that  valuable  metal  abundant  and  cheap, 
its  cost  being  measured  by  the  cost  of  power,  was  not  remarkable 
as  a  brilliant  student  at  school,  nor  could  his  present  value  have 
been  estimated  with  any  exactness  by  his  teachers,  who  knew  him 
only  as  a  rather  improving  scholar,  as  they  measure  men,  while  he 
was  all  the  while  laboring  in  one  direction  to  find  the  means  to 
accomplish  what  he  had  deemed  possible. 

In  my  own  case,  when  I  left  school  as  a  boy,  I  knew  little  of 
Latin,  after  several  years  work  with  books  I  did  not  understand, 
was  slow  with  figures,  from  having  been  unable  to  see  any  use  in  the 
dry  studies  that  had  no  bearing  on  anything  I  expected  to  do.     I 
looked  forward  to  vacation,  not  on  account  of  pleasure  trips  to  sea- 
side resorts,  which   I  never  saw,  but  for  a  chance  to  work  in  my 
father's  shops.    I  was  low  in  some  classes,  because  I  spent  my  spare 
time  in  reading  scientific  books  that  formed  no  part  of  the  school 
course.     I   took  no  drawing  lessons,  because  they  were  an   extra 
which  I  could  not  afford,  and  because,  in  my  boyish  conceit,  I  could 
see  no  good  in  the  teacher's  methods  as  exhibited  in  his  pupil's 
work.     My  pencil  has  always  been  my  constant  and  common  tool 
for  expressing  thoughts,  and   is  now,  and  I  had   no  desire  to  copy 
pictures.     At  sixteen  a  boy's  judgment  is  not  worth  much  as  to  what 
he  shall  or  can  do.     Well,  in  my  case,  after  working  on  a  farm  for 
a  few  years,  mastering  the  use  of  a  farmer's  tools,  as  well  as  increas- 
ing my  skill  as  a  carpenter,  as  a  maker  of  harness,  and  of  the  tools 
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a  harness-maker  required,  doing  such  odd  jobs  as  came  to  me,  when 
nineteen  years  old  I  accepted  a  position  as  draughtsman  in  a  rolling 
mill  in  Cincinnati,  O.,  and  in  two  years  I  had  been  made  Superin- 
tendent of  the  establishment.  My  experience  in  the  world  does  not 
argue  against  time  spent  in  good  schools.  Had  technical  schools 
such  as  this  been  in  existence,  I  would  have  been  glad  to  have  taken 
advantage  of  such  an  opportunity  to  get  what  T longed  for,  and 
labored  for,  and  have  unceasingly  sought  for,  with  earnest  intensity 
all  through  the  years  of  my  life.  Even  now,  but  for  the  need  of 
using  my  experience  for  the  benefit  of  others  and  for  my  own  sup- 
port, I  am  not  ashamed  to  say  that  I  would  gladly,  so  far  does  my 
thirst  for  knowledge  prompt  me,  take  my  place  as  a  Freshman  in  a 
school  honoring  me  with  a  place  among  its  teachers.  In  such  event 
I  would  not  want  any  partial,  any  special  course.  Daily  and  hourly 
I  feel  the  need  of  what  you  are  getting  from  books  and  from  your 
many  able  exponents  of  those  books,  in  fact,  the  makers  of  many  of 
the  best  books  you  use.  How  have  I  done  without  such  instruction  ? 
I  have  not  been  ashamed  to  say  I  do  not  know,  and  to  seek  help 
from  those  who  do  know,  and  by  this  means  have  spread  my  school 
days  to  great  disadvantage,  and  yet  to  good  purpose,  over  ^o  years 
to  gain  (apart  from  experience  and  the  knowledge  of  facts)  what 
you  have  the  means  of  mastering  as  to  methods  in  four  years,  which 
methods,  if  you  diligently  use  them  afterwards,  in  season  and  out  of 
season,  will  be  found  both  useful  and  profitable. 

If  a  chance  is  offered  to  any  one  of  you  to  make  your  knowl- 
edge of  use  to  others  in  experimental  work,  I  would  urge  you  to 
study  economy  in  your  methods,  and  to  direct  all  your  attention  to 
results  thai  will  be  of  use,  and  to  avoid  all  following  of  blind  paths 
in  scientific  jungles  in  hopes  that  some  one  may  lead  to  a  good, 
naturally  developed  clearing,  that  can  be  worked  without  any  trouble 
of  cutting  away  the  brush  and  timber  and  pulling  up  stumps  to  get 
at  the  tillable  soil  below. 
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BALL    BEARINGS. 

The  introduction  of  ball  bearings,  which  first  found  practical 
use  in  diminishing  the  friction  of  bicycJes,  has  developed  a  trade  of 
manufacturing  such  balls,  and  the  cheapness  with  which  they  can 
now  be  produced  would  tend  to  still  further  increase  their  applica- 
tion in  machine  construction  generally. 

One  of  the  most  notable  examples  of  the  use  of  balls  is  to 
diminish  the  friction  of  the  collar  that  sustains  the  hook  of  a  large 
crane.  Without  these  balls  the  difference  between  the  friction  of 
rest  and  the  friction  of  motion  is  so  great  that  men  are  often 
seriously  hurt  by  endeavoring  to  turn  a  load  suspended  upon  the 
crane  hook  which  requires  a  great  deal  of  exertion  to  start  it,  and 
when  it  does  move,  goes  further  than  is  intended,  often  leading  to 
serious  accidents.  By  making  the  crane  hooks  with  flat  washers, 
between  which  numerous  small  balls  are  placed,  resting  on  hardened 
surfaces,  there  seems  to  be  no  difference  between  the  friction  of 
rest  and  the  friction  of  motion,  and  hooks  heavily  loaded  are 
turned  with  remarkable  ease,  so  that  the  use  of  balls,  distributed 
over  plane  surfaces,  is  quite  common,  there  being  no  basket  or 
grooves  to  separate  the  balls,  but  they  are  allowed  to  move  at  their 
own  will  in  whatever  direction  they  are  inclined  to  go. 

Some  recent  experiments  in  the  application  of  balls  to  the 
shafts  of  dynamos  has  shown  that  the  friction  can  be  very  much 
diminished,  and  a  yet  slight  end  motion  of  the  armature  shaft  neces- 
sary to  keep  the  brushes  in  good  order  upon  the  commutator  is 
admissible,  which  would  not  be  the  case  if  rollers  were  used  for  the 
same  purpose. 

There  is  very  little  literature  on  the  subject,  and  the  theory  of 
ball  bearings  has  not  been  worked  out  and  published.  It  may  be 
interesting  for  you  to  know  that  some  experiments  have  been  going 
on  for  some  time  past  in  reference  to  the  size  of  the  balls  best 
suited  to  the  different  purposes.  In  the  case  of  hooks  for  cranes 
carrying  about  50  tons,  between  250  and  300  balls,  each  of  three- 
eighths  inch  diameter,  are  scattered  between  the  fiat  plates,  with  the 
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idea  that  the  more  points  of  contact  the  longer  the  balls  will  last, 
but  some  experiments  are  now  being  tried  with  balls  of  different 
sizes,  and  motion  kept  up  under  loads  to  determine  their  durability, 
with  a  leaning  in  favor  of  larger  balls  and  fewer  of  them. 

If  any  of  you  choose  to  take  up  this  matter  and  study  it,  you 
must  bear  in  mind  that  the  balls  themselves  do  not  rest  upon  a 
mathematical  point  when  impinging  upon  a  flat  surface;  at  least  we 
can  infer  that  they  do  not  from  the  fact  that  if  a  hardened  steel 
ball  be  dropped  from  a  considerable  height  upon  a  hardened  steel 
plate  it  will  recoil  very  nearly  to  the  height  from  which  it  had 
fallen,  so  nearly  to  the  same  height  as  to  lead  one  to  consider  the 
steel  of  both  plate  and  ball  as  being  highly  elastic.  This  elasticity 
implies  distortion  of  form,  and  no  matter  how  fine  a  film  of  moisture 
there  may  be  upon  the  plaie,  there  seems  to  be  an  appreciable 
surface  of  contact  indicated  by  the  disturbance  of  the  film  on  the 
surface. 

A  great  deal  might  be  learned  by  careful  experiments  and 
much  good  result  from  the  facts  illustrated  by  experiments,  not 
only  in  regard  to  the  size  of  the  balls  but  also  the  methods  of 
restraining  them. 

It  has  been  found,  in  axle  work  under  street  cars,  that  a  small 
wire  cage  is  sufficient  to  hold  the  balls  in  place,  and,  after  many 
months*  wear,  the  cage  shows  no  sign  of  wear  from  rubbing. 
Where  balls  are  used  for  end  thrust  of  a  rapidly  rotating  shaft,  it 
has  been  customary  to  confine  the  action  to  a  single  line  of  balls, 
inasmuch  as  it  is  not  advisable  to  put  in  a  single  cage  balls  of  the 
same  diameter  running  at  different  distances  from  the  center  of 
motion,  as  they  cannot  all  move  forward  at  the  same  rate,  and  one 
or  the  other  must  rub  upon  the  cage  and  produce  a  retarding 
friction  as  well  as  a  wear  upon  the  metal. 


ARTIFICIAL    MOLDING    SAND. 

The  art  of  iron  founding,  as  pertaining  to  the  machine  shop, 
has  probably  had  less  attention  paid   to   it  as  a  scientific  process 
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than  almost  any  other  part  of  an  engineering  establishment.  A 
good  foreman  of  the  foundry  has  heretofore  been  considered  one 
who  is  familiar  with  all  the  tricks  and  methods  of  molding,  as  well  as 
informed  as  to  the  charging  of  the  cupola  to  get  the  irons 
that  would  be  suited  to  each  particular  kind  of  work.  When  the 
foundry  is  organized  for  one  particular  kind  of  work,  like  hollow 
ware  or  stove  making,  the  iron  that  is  selected  for  the  purpose  is 
usually  well  understood,  and  there  is  little  skill  in  melting  or  pour- 
ing, as  compared  with  that  required  by  the  various  products  that 
must  be  brought  out  from  the  cupola  for  machine  castings  and  the 

better  quality  of  fine  work. 

Not  only  one  lecture  but   several  volumes  might  be  written 

upon  the  foundry,  without  exhausting  a  subject  that  is  full  of 
interest,  and  particularly  interesting  to  young  men  going  into 
business,  as  generally  the  equipment  for  a  foundry  requires  so  little 
capital  as  to  permit  men  of  moderate  means  beginning  a  business 
on  a  small  scale,  and  gradually  increasing  the  capacity  of  their 
place  as  they  become  able  to  extend  their  facilities.  Of  course,  in 
such  beginnings  the  flasks  used  are  made  of  wood,  and  the  cupola 
even  may  be  improvised  from  the  shell  of  a  cast-off  cylindrical 
boiler,  but  it  is  not  of  such  methods  that  I  wish  to  speak  to  you  to- 
day, but  of  some  matters  that  deserve  your  most  careful  con- 
sideration. 

Within  a  decade,  the  number  of  educated  men  who  have  gone 

into  the  foundry  to  experiment  and  improve  methods  has  increased 

continually,  and  so  also  has  their  skill  and  efficiency  increased. 

They  have  a  good  field  to  work  in,  and  find  that  scientific  methods 

have  been  discouraged  by  the  men  in  charge,  who  have  no  idea  that 

the  character  of   the    iron   may  be  changed    by   mixture  and  by 

chemical   treatment,   and   are    not    aware    from   what    causes   the 

different  kinds  of  metal  are  hard  or  soft,  nor  do  they  know  what 

makes  one  metal  better  than  another  for  a  particular  kind  of  work. 

I  would  call  your  attention,  to-day,  for  the  first  time  in  any  of  my 

lectures  on  this  subject,  to  the  fact  that  the  molding  sand  itself  is 
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part  of  the  necessities  of  the  foundry  which  need  a  great  deal  of 
thought,  and  may  be  very  much  improved.     There  are  qualities  of 
sand  dug  in  various  places  that  go  by  the  name  of  molding  sand. 
They  are  sands  that  have  a  base  of  silex,  and  with  it  some  other 
material  that  is  usually  known  as  loam  or  clay  that,  mixed  naturally 
in  proper  proportions  with  the  sand,  gives  the  adhesive  qualities  re- 
quired and  yet  makes  the  mixture  open  enough  to  allow  the  escape 
of  gases  into  the  line  holes  that  permeate  the  mass.     It  is  only  of 
comparatively  recent  years  that  the  idea  has  occurred  to  anyone  that 
spent  molding  sand  has  any  other  value  than  for  building  purposes; 
and,  in  this  particular,  those  who  know  the  value  of  spent  sand  for 
making  mortar  are  anxious  to  secure  it  from  the  foundries,  because 
the  silex  has  not  been  injured  by  the  heat,  and  most  of  the  clay  and 
organic  matter  has  been  destroyed  or  burned  out.     In  all  large 
machine  shops   the  buildings   required   are  invariably  done  with 
molding  sand,  and  it  lends  itself  particularly  welk  to  the  colored 
mortars  which  are  fashionable  at  the  present  time.     I  would  have 
you,  when  you  have  an  opportunity,  think  seriously  of  the  capa- 
bilities of   restoring  molding  sand  by  chemical  analysis  for  com- 
position, and  use  the  microscope  or  experimental  tests  to  determine 
methods.     It  seems  but  reasonable  that  if  a  good  quality  of  mold- 
ing sand  consists  of  silex  with  a  certain  clay  that  binds  the  particles 
of  sand  together,  it  is  the  business  of  the  expert  in  this  line  to 
determine  the  relative  character  of  the  particles  of  silex  that  are 
best  adapted  for  the  purpose,  and  then  to  find  out  for  himself  what 
is  the  binding  material  that  makes  it  available  for  his  use.     This 
being  the  case,  what  can  be  more  simple  than  the  restoration  of  the 
molding  sand  by  the  addition  of  clays  in  proper  proportion,  or  even 
the  addition  of  other  mineral  substances  that  may  greatly  improve 
the  quality  of  the  material.    That  people  are  thinking  of  this  method 
of  treating  is  shown  in  trade  by  the  fact  that  less  molding  sand  is 
available  for  building  purposes  than  formerly,  and   also  that  the 
dealers  in  molding  sand  find  their  largest  customers  using  rather 
less  of  what  they  dig  for  the  purpose.     It  is  through  the  dealers 
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that  the  methods  of  the  managers  of  one  foundry  get  to  the  knowl- 
edge of  the  managers  of  others,  as  it  is  quite  a  common  thing  for 
dealers  in  seeking  trade  to  think  that  they  are  serving  the  would-be 
customer  by  informing  him  of  what  some  other  person  may  be  doing 
in  the  same  line,  at  least,  so  far  as  they  know. 

Another  incentive  that  has  been  given  to  the  proper  preparation 
of  molding  sand,  either  by  the  mixture  of  different  qualities  or  by 
their  artificial  production,  comes  from  the  extended  use  of  machines 
for  molding,  and  this  subject  should  not  be  neglected  in  your  search 
for  knowledge  to  improve  methods  and  material. 

There  has  been  of  late  years  a  very  decided  improvement  made 
in  foundry  methods,  growing  out  of  the  introduction  of  students  from 
the  technical  schools  as  metallurgists  into  our  large  foundries. 
The  knowledge  of  the  cause  of  chilling  property  of  cast  iron  is  a 
rather  recent  acquisition.  In  the  first  place,  those  who  discovered 
that  the  hot  blast  irons  with  poor  chilling  qualities  could  be  used  in 
chilled  wheel  making  by  the  melting  of  Bessemer  scrap  in  the 
cupola  with  the  iron,  arrived  at  this  knowledge  through  experiment, 
and  probably  without  any  fixed  idea  as  to  the  cause  of  the  chilling 
property.  When  men  began  to  think  on  this  subject,  and  to  con- 
sider that  from  the  same  furnace  a  great  many  different  qualities  of 
pig  iron  are  produced,  some  white  and  brittle,  some  gray  and  soft 
and  strong,  then  the  idea  began  to  assume  shape  that  there  might 
be  changes  made  in  the  nature  of  the  pig,  either  by  mixing  metals 
of  different  quality  or  adding  something  that  might  change  the 
character  of  the  metal  after  it  had  run  into  the  ladles;  thus,  if  the 
minute  black  specks  that  are  seen  in  many  castings  after  they  are 
planed  are  due  to  free  carbon  in  the  form  of  graphite,  nothing  is 
more  natural  than  to  add  something  to  the  metal  that  would  take 
up  this  carbon  and  no  longer  allow  it  to  exist  in  these  fine  particles, 
such  as  the  addition  of  manganese  or  other  minerals  or  metals 
known  to  makers  of  steel. 

With  increased  experimentation  and  the  introduction  of  scien- 
tific methods  into  the  founding,  it  has  been  proved  that  metals 
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seemingly  unfit  for  machine  castings  may  be   rendered  soft  and 
easily  tooled,  and,  at  the  same  time,  have  their  strength  very  much 
increased,  by  such  treatment  as  will  enable  the  metal  to  be  poured 
against  chilling  surfaces  without  any  chilling  effect,  so  as  to  permit, 
in  the  first  place,  the  use  of  iron  cores,  and  in  the  next  place  to  permit 
the  placing  of  chilled  surfaces  to  take  off  the  heat  just  where  the  mass 
of  metal  wants  to  be  cooled  the  most  rapidly  to  prevent  shrink 
holes  from  occurring.     Those  of  you  who  have  paid  any  attention 
to  the  casting  process  must  have  noticed  the  difficulty  of  having 
uniform  cooling  and  uniform  shrinkage  taking  place  when  small 
arms  are  attached  to  a  heavy  rim;  for  instance,  in  pulley  and  flywheel 
work.     There  has  to  be  considerable  ingenuity  in  the  method  of 
feeding  the   mold  to  make  up  for  the  shrinkage,  and  to  supply 
vacancies  that  would  occur  if  the  metal  cannot  be  kept  fluid  during 
the  shrinking  process  and  gradually  supplied  through  the  sinking 
heads.     If  now  the  larger  parts  be  cooled  by  masses  of  iron,  while 
the  smaller  parts,  protected  by  a  non-conductor,  cool  naturally,  a 
mold  may  be  made  that  would  be  scientifically  correct  as  to  uni- 
formity of  cooling  in  all  parts.     The  only  difficulty  in  the  way  of 
this  proceeding  arises  from  the  fact  that  any  sudden  cooling  of  cast 
iron  produces  the  effect  known  as  chill,  and  crystals  are  set  up  and 
hardness  is  the  result. 

It  is  not  possible  for  me  to  tell  you  exactly  how  far  this  im- 
provement has  been  carried,  or  to  tell  you  with  any  exactness  of 
the  methods  that  have  been  resorted  to  by  the  more  advanced 
foundrymen,  but  I  would  be  remiss  in  my  duty  if  I  did  not  call 
your  attention  to  the  fact  that  there  is  room  for  your  work,  and 
plenty  of  room  too,  to  render  yourselves  valuable  to  your  employers 
if  your  attention  is  turned  towards  this  important  part  of  the 
engineer's  profession.  I  would  caution  you,  however,  against 
relying  upon  book  knowledge  in  this  regard,  as,  so  far  as  I  have  been 
able  to  judge,  the  literature  on  the  subject  is  not  up  to  the  state  of 
the  art,  and  most  of  the  books  have  theories  that  may  or  may  not 
J  correct. 
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As  bearing  upon  the  best  method  of  acquiring  knowledge,  I 
was  rather  forcibly  struck  the  other  day  by  a  method  adopted  in  a 
large  electrical  establishment  where  some  of  the  experts,  in  instruct- 
ing those  who  had  been  employed  in  a  manner  equivalent  to  serving 
an  apprenticeship  to  the  business,  gave  underlying  principles  of 
electrical  engineering  and  the  arithmetic  of  electricity,  suggesting 
to  the  pupils  means  of  familiarizing  themselves  with  the  various 
phenomena  by  experiments,  and  cautioned  these  working  students 
against  reading  any  books  upon  the  subject  on  any  condition,  for 
the  reason  that  by  reading  in  the  early  part  of  their  education  they 
could  not  help  imbibing  some  of  the  theories  of  the  writers,  and 
those  who  are  teaching  them  wish  them  to  train  their  minds  to  avoid 
all  theoretical  knowledge  and  to  stick,  as  it  were,  to  the  practical 
knowledge  which  can  be  obtained  in  the  manufacturing  establish- 
ments where,  as  is  always  the  case,  the  experimental  facilities  are 
far  greater  than  in  the  laboratory  of  those  who  are  studying  only, 
and  not  carrying  out  this  work  in  mercantile  form. 


CLASSIFICATION    OF    STEEL. 

In  former  lectures  I  have  urged  upon  the  class  the  necessity  of 
the  physical  tests  for  steel,  and  have  shown  the  disadvantage  of 
limiting  the  steel  maker  by  arbitrary  chemical  requirements  in  the 
specification,  and,  as  an  illustration  of  the  method  of  classifying 
steel,  I  have  given  the  grades  as  classified  by  the  Midvale  Steel 
Company.  Having  made  recent  inquiry  into  the  classification  in 
regard  to  any  changes,  the  following  has  been  j)rocured  as  the  latest 
statement  on  the  subject: 

CLASSIFICATION    OF    STEEL   MADE   BY    THE    MIDVALE    STEEL    COMPANY. 

Class  o.  Carbon  .i  to  .2  per  cent. 

Approximate  tensile  strength  from  55,000  to  65,000  pounds. 

Class  I.  Carbon  .2  to  .3  per  cent. 

Approximate  i ensile  strength  from  65,000  to  75,000  pounds. 

Class  II.  Carbon  .3  to  .4  per  cent. 

Approximate  tensile  strength  from  75,000  to  85,000  pounds. 

Class  III.  Carbon  .4  to  .5  per  cent. 

Approximate  tensile  strength  from  85,000  to  95,000  pounds. 
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Class  IV.  Carbon  .5  to  .6  per  cent. 

Approximate  tensile  strength  from  95,000  to  105.000  pounds. 

Class  V.  Carbon  .6  to  .7  per  cent. 

•Approximate  tensile  strength  from  105,000  to  120,000  pounds. 

Class  VI.  Carbon  .7  to  .8  per  cent. 

Approximate  tensile  strength  from  120,000  to  135,000  pounds. 

Class  VII.  Carbon  .8  to  .9  per  cent. 

On  heats  of  this  carbon  and  above,  tensile  strength  is  not  considered, 
as  they  are  generally  used  for  spring  steel  and  tool  steel,  in  which  the  fit- 
ness of  the  material  for  the  purpose  wanted  cannot  be  decided  by  the 
tensile  strength  in  a  test  bar. 

Class  VIII.         Carbon  .9  to  i  per  cent. 

Class  IX.  Carbon  i.oo  to  i.io  per  cent. 

Class  X.  Carbon  i.io  to  1.20  per  cent. 

It  is  of  course  understood  that  while  this  classification  holds 
j^ood  in  a  general  way,  the  other  chemical  ingredients  besides  car- 
bon, as  well  as  treatment,  may  so  affect  the  tensile  strength  that, 
while  the  percentage  of  carbon  would  place  it  in  one  class,  other 
chemical  ingredients  or  physical  treatment  may  bring  it  (as  far  as 
tensile  strength  goes)  into  one  of  the  other  classes.  As  a  general 
thing,  it  has  been  found  that  a  high  percentage  of  manganese,  say 
above  .7  per  cent.,  up  to  and  including  i  per  cent.,  will  exert  a  much 
greater  hardening  influence  on  steels  of  high  carbon  than  of  steel 
below  .5  per  cent,  in  carbon;  while  the  other  chemical  ingredients 
seem  to  exert  a  uniform  hardening  influence  on  all  grades  of  steel. 

The  purposes  for  which  the  different  classes  of  steel  are  recom- 
mended by  the  Midvale  Steel  Company,  taking  into  consideration 
the  many  different  specifications  for  the  same  purposes  that  are  re- 
ceived, are  as  follows: 

C'lass  o  is  generally  used  where  welding  quality  is  desirable 
and  it  is  recommended  for  nothing  else;  although  several  of  the 
railroad  companies  and  locomotive  builders  use  it  for  axles  and 
crank  pins,  mostly,  it  is  thought,  for  the  reason  that  they  are  not 
used  to  working  the  harder  steel  on  their  machine  tools,  and  their 
men  complain  that  they  cannot  make  wages  at  the  rate  they  are 
paid.     Complaint  is  then  made  that  the  steel  is  too  hard  for  the 
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purpose  intended,  and  the  ease  with  which  it  can  be  machined  is 
apparently  the  only  consideration. 

Classes  I.  and  II.  are  used  for  propeller  shafting,  axles,  and 
general  machinery  work.  Also  used  for  rifle-barrel  steel,  steel  cast- 
ings where  toughness  is  the  principal  requirement,  and  finally,  in  the 
higher  grades,  where  it  approaches  Class  III.,  for  gun  tubes. 

Class  III.  is  principally  used  for  Pennsylvania  Railroad  axles 
and  crank  pins,  and  for  parts  of  machinery  where  a  high  elastic 
limit  is  required.  This  class  is  recommended  for  axles  and  crank 
pins,  and,  where  the  choice  is  left  with  the  makers,  they  invariably 
use  it  for  this  purpose.  It  is  the  class  which,  in  their  opinion,  is 
best  suited  for  steel  forgings  of  all  description,  with  the  condition, 
however,  that  the  forgings  should  be  thoroughly  annealed.  If  this 
is  not  done,  the  lower  class  is  preferable,  as  the  strains  left  in  the 
forging  are  not  apt  to  be  injurious  in  the  lower  carbon  steel.  This 
class  is  also  used  for  gun  forgings,  jackets  and  hoops,  the  high  re- 
quirements as  to  elastic  limit  making  it  necessary  to  have  a  good 
percentage  of  carbon. 

Class  IV.  is  used  also  principally  for  gun  forgings  and  for  large 
locomotive  tires. 

Class  V.  is  used  principally  for  tires  for  freight  service  and  car 
wheels,  and  for  forgings  for  air  vessels  for  torpedoes,  and  also  for 
steel  castings  where  great  wear  is  desirable,  such  as  hammer  dies, 
roll  pinions,  etc. 

Class  VI.  is  used  mostly  for  surgical  instruments  and  grinding 
machinery. 

Class  VII.  is  used  for  spring  steel. 

Classes  VIII.,  IX.,  and  X  are  used  for  various  grades  of  spring 
and  tool  steel,  the  highest  grades  being  used  for  cutting  tools  and 
the  lower  grades  for  chisels,  reamers,  etc.,  etc. 

It  is  necessary  to  remember  in  this  classification,  that  while  the 
carbon  and  tensile  strength  govern  the  classes,  the  chemical  compo- 
sition of  the  different  heats  that  come  under  one  class  varies  con- 
siderably.    In  the  case  of  ordinary  machinery  steel  and  tires,  the 
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makers  endeavor  to  keep  the  phosphorous  limit  below  .06  per  cent. 
This  is  the  case  also  with  their  steel  castings.  In  gun  forgings,  on 
the  other  hand,  their  phosphorous  limit  is  below  .03  per  cent.,  as 
well  as  in  tool  steel  and  spring  steel. 

At  the  present  moment,  the  greatest  interest  is  taken  in  the 
magnetic  qualities  of  steel,  as  compared  with  the  best  Norway  iron; 
and  from  recent  experiments  it  will  be  seen  that  conclusions  cannot 
be  drawn  with  safety  from  a  few  experiments,  particularly  in  regard 
to  the  alloys  of  various  metals  with  steel.  The  statement  has  been 
broadly  made  that  a  large  percentage  of  nickel  introduced  into 
steel  castings  destroyed  the  magnetic  qualities  of  the  steel  to  such 
an  extent  as  to  make  this  alloy  particularly  desirable  or  useful  for 
the  bolts  that  clamp  the  punchings  of  the  armature  in  the  dynamo 
together,  the  general  idea  being  that  these  foreign  substances  were 
all  acting  injuriously.  Some  recent  experiments  have  been  made 
by  the  Bethlehem  Iron  Company  bearing  upon  the  dynamos  that 
are  to  be  made  for  Niagara,  which  seem  to  show  that  when  a  small 
quantity  of  nickel  only  is  used,  the  magnetic  qualities  are  improved 
to  such  a  degree  as  to  make  its  employment  advisable,  making 
nickel  steel,  properly  prepared,  higher  in  its  capability  of  magnetiza- 
tion than  even  the  best  Norway  iron.  This  statement  does  not 
hold  good  in  all  degrees  of  excitation,  but  is  said  to  be  particularly 
good  at  the  amount  of  excitation  to  which  field  magnets  are  usually 
subjected. 

Mr.  L.  B.  Stillwell,  in  his  examination  of  this  metal,  concludes 
a  report  on  the  subject  with  the  words:  "I  am  emphatically  of  the 
opinion  that  no  better  material  can  be  secured/'  The  effect  of  the 
mixture  of  foreign  substances  with  steel  is  one  that  is  worthy  of 
the  most  careful  attention  of  the  students  of  technical  colleges,  and 
would  form  an  admirable  subject  for  a  thesis,  as  the  experiments  to 
be  reliable  need  not  involve  great  cost,  and  would  give  opportunity 
for  a  considerable  display  of  ingenuity  in  devising  methods  of 
making  the  tests,  and  the  manner  of  showing  the  results  by  graph- 
ical methods. 


A  SIMPLE  WATER  RESISTANCE  PRONY  BRAKE. 


BY    F.    M.    LEAVITT,     75. 


IN  constructing  a  series  of  Whitehead  submarine  torpedoes  it  was 
considered  desirable  to  test  the  propelling  engines  so  as  to  de- 
termine their  useful  horse-power  before  they  were  fixed  in  the  main 
body  of  the  torpedo. 

The  engines,  as  used  in  the  torpedoes,  drive  screw  propellers,  so 
that  to  absorb  the  power  by  a  brake,  and  secure  the  conditions  of 
service,  the  brake  resistance  had  to  be  applied  without  causing  any 
lateral  strain  upon  the  propeller  shaft.  To  accomplish  this  by  any 
form  of  band  brake  was  impracticable,  in  view  of  the  multiplication 
of  weighing  devices  involved. 

Furthermore,  the  development  of  power  by  the  engines  was 
confined  to  30  seconds,  or  less,  which  was  the  interval  of  time  re- 
quired to  exhaust  a  reservoir  of  compressed  air  supplying  the  power; 
and  the  time  to  adjust  and  weigh  the  resistance  of  any  brake  de- 
pending upon  the  friction  of  solid  bodies,  would  probably  reduce 
the  period  of  measurement  too  much  to  secure  reliable  results. 

To  avoid  these  difficulties  a  brake  was  adopted  at  the  sugges- 
tion of  Professors  Webb  and  Denton,  in  which  the  resistance  was 
afforded  by  the  friction  between  disks  of  metal  and  a  mass  of  water. 
It  was  arranged  as  follows  : 

Four  steel  disks  24  inches  in  diameter,  about  one-eighth  inch 
thick  and  one-fourth  inch  apart,  are  fixed  to  a  vertical  shaft.  The 
disks  revolve  in  a  cast-iron  curb,  to  which  are  attached  three  steel 
disks  of  the  same  thickness,  so  that  the  space  for  water  between  the 
disks  is  about  one-sixteenth  of  an  inch,  which  is  also  the  clearance 
space  between  the  outer  disks  and  the  curb.  The  hubs  at  the  center 
are  5  inches  in  diameter,  so  that  the  total  surface  of  revolving  disks 
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is  composed  of  eight  circles  2  feet  in  diameter,  less  the  5-inch  hubs. 
The  cast-iron  curb  is  free  to  rotate  on  the  shaft.  To  measure  the 
resistance  a  lever  is  fixed  to  the  floor  by  a  pivot  at  A,  Fig.  i,  and 
connected  to  the  curb  by  two  parallel  hnks  B  and  C  At  D  is 
placed  a  spring  balance.  The  object  of  the  links  is  to  remove  the 
side  strain  from  the  shaft  bearings,  and  transfer  it  to  the  small  pivot 
at  A.  The  lever  arm  A  D  is  4  feet  in  length,  so  that  25  x  tension 
on  scale  =  foot-pounds  per  revolution. 

The  engines  to  be  tested  were  coupled  direct  to  the  vertical 
shaft  of  the  dynamometer,  and  in  all  tests  the  curb  was  kept 
entirely  filled  with  water,  so  that  for  each  speed  of  revolution  of 
the  engine  the  resistance  was  constant. 

The  engines,  some  fifty  of  which  were  tested,  are  of  the  Brother- 
hood type,  having  three  single-acting  cylinders,  3^-inch  bore  by 
2^-inch  stroke.  The  initial  pressure  of  air  used  in  different  tests 
ran  from  400  to  800  pounds  per  square  inch. 

Compressed  air  for  driving  the  engine  was  stored  in  a  reser- 
voir, so  that  the  loss  of  pressure  on  the  gauge  compared  with  the 
horse-power  of  the  engine  gave  the  relative  economy  of  air  con- 
sumption. The  duration  of  each  test  was  from  ten  to  thirty 
seconds. 

In  the  first  twenty-seven  tests  the  following  data  were  observed, 
the  results  of  which  are  given  in  the  table  below: 

1.  Duration  of  run. 

2.  Revolutions  of  engine. 

3.  Initial  and  final  piessure  in  air  reservoir. 

4.  Initial  pressure  on  engine,  which  was  practically   constant 

throughout  each  test. 

5.  Tension  on  spring  balance. 

From  this  data  the  horse-power  developed  by  the  engine,  and 
foot-pounds  of  work  done  per  pound  of  air,  were  calculated,  as 
shown  in  columns  9  and  13. 

The  resistance  of  the  brake  depends  upon  the  speed  of  revolu- 
tion.    The  horse-power  developed  is  therefore  a  function  of  the 
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tension  on  the  scale  balance;  and,  assuming  that  resistance  varied 
asthe  square  of  the  speed,  a  foimula  was  constructed  as  below.  The 
constants  were  obtained  by  plotting  the  results  of  the  runs  already 
made  and  drawing  the  mean  curve  as  shown  in  Fig.  a.     In  column 
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II  is  given  the  horse-power  as  calculated  from  the  formula.  The 
discrepancy  between  the  observed  and  the  calculated  horse-power 
may  easily  be  accounted  for  by  error  in  timing  the  duration  of  run 
with  a  stop-watch. 

It  follows  there/ore  that  this  arrangement  of  brake  permits  the 
horse -power  to  be  determined  by  simply  .securing  the  average  reading 
of  the  spring  balance,  without  regard  to  the  speed.  The  instru- 
ment is  therefore  especially  adapted  to  power  measurements  during 
very  short  intervals.  The  fact  that  the  resistance  afforded  by  the 
disks  is  practically  etjual  to  the  friction  of  warer  flowing  over  them 
with  a  velocity  equal  to  their  speed  of  rotation  enables  their  area  to 
be  easily  determined  for  any  given  range  of  hoi'se-power. 
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Prony  Brake. 
Formula  for  horse-power: 

Horse-power  = 
T  =  tension  on  scale  balance. 

This   formula   is  obtained  from   T  -- 
R  being  the  velocity  of  revolution  and  C  = 

Horsepower  ^  Z>i '1  sL^  =  Oijl 
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THE  DETERMINATION  OF  THE  CALORIFIC  POWER  OF 
COALS  BY  MEANS  OF  A  MAHLER  CALORIMETER. 


Abstract  of  Graduation  Thesis  of 

ANSON  G.  WILBUR,  '93.  BEATTIE  A    INGLlS/93. 

JOHN  F.  PAULSEN,  '93.  ORTON  G.  DALE,  '93. 

BY    PROF.    A.    R.    LEEDS. 


THE  chief  difficulty  with  calorimetric  determinations  has  been 
lack  of  a  good  calorimeter.  Many  instruments  have  been 
devised,  all  more  or  less  complicated,  but  until  recently  there  was 
no  really  reliable  instrument  for  this  purpose. 

Lavoisier  and  Laplace  were  the  first  to  make  experiments  on 
the  determination  of  the  heat  of  combustion  by  means  of  a  calori- 
meter. Their  calorimeter  consisted  of  an  earthenware  vessel  sur- 
rounded by  ice.  They  made  experiments  with  charcoal  and 
hydrogen,  and  found  that  i  part  of  charcoal  melted  96.5  parts  of 
ice,  and  i  part  of  hydrogen  295.6,  or  reduced  to  calories,  7,720  and 
23,648  respectively. 

Hassenfratz,  Clements,  and  Desonnes  also  made  experiments 
with  ice  calorimeters.  Rumford,  in  1813,  made  the  first  comparison 
of  charcoal  and  wood.  According  to  him  i  part  of  charcoal  heated 
52  to  54  parts  of  water  from  the  melting  point  of  ice  to  boiling, 
and  I  part  of  wood  25  to  40  parts.  Graffe  burned  sugar-charcoal 
in  a  water  calorimeter  with  oxygen,  and  found  for  it  7,682  to  7,801 
calories. 

These  experiments,  however,  were  all  very  crude  and  un- 
reliable. Dulong  was  the  first  to  make  a  more  exact  and  extended 
series  of  determinations.     Although  Dulong's  results  were  the  best 
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that  had  been  obtained  at  his  time,  it  is  now  known  that  they  were 
far  from  being  exact.     He  used  a  simple  form  of  water  calorimeter. 

Ure  burned  the  substance  whose*  calorific  power  was  to  be 
determined  in  a  small  combustion  chamber  with  atmospheric  air, 
and  let  the  gases  of  combustion  rise  through  pipes  passing  through 
a  keg  filled  with  300  to  400  kilogrammes  of  water. 

Bargum  employed  a  similar  piece  of  apparatus  to  determine 
the  calorific  power  of  turf  ;  only  he  placed  the  combustion  chamber 
in  the  water. 

Deville  used  a  small  tubular  boiler. 

About  the  same  time  Bolley  invented  a  much  more  perfect 
instrument  than  his  predecessors,  but  too  complicated  to  be  useful. 

Andrews  also  brought  out  a  calorimeter  consisting  of  a  closed 
copper  shell,  which  was  completely  immersed  in  water,  and  in  which 
the  substance  was  burned  in  an  atmosphere  of  oxygen. 

The  most  complete  determinations  of  calorific  power  were 
carried  out  by  Favre  and  Silberman,  in  1852,  and  many  of  their 
results  are  still  accepted  as  standards.  Their  apparatus  and  ex- 
periments* are  so  well  known  that  it  is  needless  to  dwell  further 
on  them. 

Thomsen,  in  determining  the  calorific  power  of  hydrogen, 
made  use  of  a  calorimeter  consisting  of  a  platinum  ball  of  about 
500  cubic  centimeters  capacity.  It  was  wholly  immersed  in  water. 
The  hydrogen  was  led  in  through  one  pipe  and  the  oxygen  through 
another. 

Schuller  and  Wartha  used  an  ice  calorimeter  to  determine  the 
calorific  power  of  hydrogen. 

The  process  recommended  by  Stohmann  and  used  by  Frank- 
land  in  his  investigations  on  the  specific  heat  of  human  foods  is 
quite  different  from  any  of  the  preceding  processes  of  burning  the 
matter  to  be  investigated  with  free  oxygen.  His  improvement  con- 
sisted in  taking  for  a  water  vessel  a  cylinder  of  polished  tin  plate 
surrounded  to  the  height  of  the  water  level  with  six  folds  of  flannel 
and  last  with  a  covering  of  tin  and  a  rubber  band.     The  substance 
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to  be  burned  is  mixed  with  potassium  chlorate,  manganese  trioxide, 
and  powdered  pumice  stone.  This  instrument  is  quite  difficult  to 
operate,  and  there  are  so  many  corrections  to  be  made,  that  the 
results  can  be  only  approximate,  even  when  the  apparatus  is  used 
by  an  expert. 

Gottlieb,  Schwackhofer,  and  Fischer  have,  in  their  investiga- 
tions on  this  subject,  used  instruments  of  their  own  design,  but  do 
not  seem  to  have  succeeded  in  producing  a  simple  practical  calori- 
meter. Fischer  has  come  nearer  producing  a  good  instrument  than 
any  of  the  above-mentioned  investigators ;  but  experiments  with 
one  of  his  instruments,  now  in  the  Institute,  have  shown  it  to 
require  very  careful  handling  to  obtain  reliable  results ;  and,  under 
the  most  favorable  circumstances,  only  one  or  two  combustions  can 
be  made  in  a  day. 

The  experiments  carried  on  at  the  Munich  Experiment  Station 
by  Sheurer  Kestner  have  attracted  a  good  deal  of  attention,  and 
have  by  many  been  given  a  value  they  do  not  possess.  These  ex- 
periments were  boiler  tests,  made  with  a  boiler  especially  constructed 
for  the  purpose.  In  these  tests  so  many  sources  of  loss  were  over- 
looked as  to  make  them  of  no  practical  value.  (For  an  account  of 
these  tests,  see  Bericht  der  Heizversuchstation,  by  H.  Bunte.) 
According  to  the  published  report  of  the  tests  many  of  the  losses 
were  only  guessed  at.  These  trials  proved  conclusively  that  a  boiler 
is  not  fit  to  determine  calorific  power,  but  that  carefully  conducted 
trials  are  very  useful  in  showing  the  way  heat  is  used  up  in  a  boiler. 
Exact  determinations  of  calorific  power  can  only  be  made  in  a 
laboratory. 

The  instrument  which  is  used  most  extensively  at  the  present 
day  for  determining  the  relative  value  of  fuels  is  Thompson's 
calorimeter.  Although  it  gives  determinations  which  are  suffi- 
ciently accurate  for  commercial  purposes,  it  is  an  inconvenient  in- 
strument to  use,  and  allows  all  the  gases  of  combustion  to  escape 
into  the  room. 
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As  shown  by  this  hasty  review,  no  really  good,  simple  calori- 
meter had  been  produced  up  to  the  year  1891.  In  this  year  the 
French  Soci^te  d 'Encouragement  pour  Tlndustrie  Nationale  placed 
a  sum  of  money  at  the  disposal  of  its  Chemical  Arts  Committee  to 
be  used  in  an  investigation  of  the  calorific  power  of  the  principal 
fuels  used  in  the  industries.  The  carrying  out  of  this  investigation 
was  intrusted  to  M.  P.  Mahler,  Ingenieur  Civil  des  Mines.  He 
carried  out  a  very  extended  series  of  experiments  at  the  laboratory 
of  the  Paris  School  of  Mines.  The  apparatus  he  employed  con- 
sisted of  a  modified  form  of  Berthelot's  bomb.  Berthelot's  instru- 
ment, which  was  originally  made  for  the  combustion  of  gases  under 
pressure,  is  shown  in  the  accompanying  sketch.  It  consists  of  a  steel 
cylinder  lined  with  platinum.  The  sample  to  be  burned  is  placed 
in  a  platinum  basket,  and  after  the  cylinder  cover  has  been  securely 
screwed  down  and  some  oxygen  under  pressure  admitted,  the 
sample  is  ignited  by  means  of  electric  connections. 

The  following  description  of  Mahler's  modification  of  this 
instrument  is  abridged  from  the  original  paper  published  in 
the  Bulletin  del  a  Soc.  pour  d'Encouragement  I'lndustrie  Nat., 
91  (1892),  pp.  317-374.  The  accompanying  sketches  represent 
a  vertical  section  of  the  calorimeter  itself,  showing  all  the 
attachments,  and  also  a  vertical  section  of  the  shell  to  a  larger 
scale.  The  shell  is  forged  out  of  mild  steel  having  a  tensile 
strength  of  31  tons  to  the  square  inch,  and  an  elongation  of 
22  per  cent.  It  is  about  8  millimeters  thick,  and  our  instrument 
weighed  about  3,500  grammes,  with  a  capacity  of  814.6  cubic  centi- 
meters. The  capacity  of  the  instrument  was  made  much  greater 
than  that  of  M.  Berthelot  for  two  reasons:  First,  to  insure  complete 
combustion,  and  second,  because  many  gaseous  fuels  used  for  in- 
dustrial purposes  contain  nitrogen  and  carbonic  acid  it  is  necessary 
to  take  a  large  quantity  of  them  in  order  to  obtain  a  measurable 
rise  in  temperature.  The  shell  is  coated  on  the  inside  with  porce- 
lain to  protect  it  from  corrosion  or  oxidation.  This  coat  of 
porcelain  replaces  the  platinum  lining  of  Berthelot,  reducing  the 
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cost  several  thousand  francs.  The  porcelain  being  very  thin  does 
not  interfere  with  the  transmission  of  heat.  The  cover  is  fitted 
trith  a  ferro-nickel  cock  R,  with  a  conical  screw  and  stuffing  box  E, 
for  the  introduction  of  oxygen  under  pressure.  The  cover  is 
screwed  down  upon  a  ring  of  lead  P,  placed  in  a  circular  groove 
cut  in  the  rim  of  the  shell,  making  a  tight  joint.  Through  the 
cover  passes  an  insulated  electrode,  to  which  a  platinum  rod  is 


fastened  by  means  of  a  clamp.  Another  platinum  rod  is  fastened 
to  the  cover,  and  the  pan  which  contains  the  substance  to  be  burned 
is  attached  to  this  by  means  of  another  platinum  rod  and  two 
clamps.  Attached  to  the  platinum  rods  and  passing  through  the 
substance  to  be  burned  is  a  small  helix  of  fine  iron  wire.  Ignition 
is  produced  by  heating  this  wire  white-hot  by  means  of  a  battery. 
The  calorimeter,  the  outer  vessel,  and  the  various  details  of  M. 
Mahler's  apparatus  differ  from  the  analagous  parts  of  M.  Berthelot's 
istrument,  the  object  being  to  reduce  the  cost  as  much  as  possible. 
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The  calorimeter  is  of  thin  brass  and  in  our  experiments  about  3.3 
kilos  of  water  was  used.  This  large  amount  of  water  practically 
eliminates  all  error  due  to  evaporation.  The  agitator  S  is  worked 
by  the  lever  L,  which  pushes  down  the  rod  K,  to  which  the  agitator 
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is  attached.  This  rod  has  a  spiral  thread  on  it  and  moves  through 
a  nut,  so  that  in  pressing  it  down  it  also  receives  a  revolving 
motion,  thus  very  thoroughly  stirring  the  water.  The  ther- 
mometer T  should  read  to  the  one  hundredth  of  a  degree. 
The  thermometer  used  in  our  experiments  was  compared 
with  an  annealed  standard  thermometer,  made  by  Baud  in 
for  Professor  Mayer  in  1891,  and  graduated  by  comparison 
with   an     air    thermometer.       The    result     of     the     comparison 
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showed  that  our  thermometer  required  a  +  correction  of 
.1  of  a  degree.  The  correction  was  constant  for  all  tempera- 
tures within  the  range  of  the  thermometer.  For  igniting  the 
substance  a  battery  capable  of  giving  a  current  of  two  amperes 
with  an  E.  M.  F.  of  lo  volts  is  required.  The  oxygen  was  obtained 
from  an  oxygen  manufacturing  company.  It  was  supplied  in 
cylinders  of  125  cubic  feet  capacity  at  a  pressure  of  150  atmos- 
pheres per  square  inch.  Such  a  cylinder  will  supply  oxygen 
enough  for  about  140  determinations. 

Before  this  instrument  can  be  used  for  determining  calorific 
powers  it  is  necessary  to  find  the  water  equivalent  of  the  shell  and 
its  appendages.  This  must  be  determined  with  the  utmost  care,  as 
upon  it  depends  the  correctness  of  all  the  results  afterward  ob- 
tained. It  may  be  calculated  directly  from  the  weights  and  known 
specific  heats  of  the  parts.  It  may  also  be  obtained  experimentally. 
In  the  case  of  our  instrument  both  methods  were  employed;  but  the 
method  by  calculation  could  only  be  approximate,  because  the 
weight  of  the  porcelain  of  the  shell  was  not  known  and  could  only 
be  estimated.     By  this  method  we  obtained  the  following  result: 


Material. 

Weight  Of. 

1 
Specific  Heat  Of.  |  Water  Equivalent  Of. 

1 

Brass  of  calorimeter 

703.07 

.094 

66.088 

Steel  of  calorimeter 

3'323.24 

.1165 

387.157 

Porcelain 

134  078 

.179 

24. 

Platinum 

21.3 

.0324 

.68 

Lead 

9. 

.0314 

.282 

Glass  of  thermometer 

12.69 

.17968 

3. 114 

Mercury  of  thermometer. . 

25.03 

.03332 

.833 

Oxygen  

2q   1205 

.155 

3.513 

485.657 

In  determining  the  water  equivalent  experimentally  the  follow- 
ing method  was  employed.  The  shell  was  charged  with  oxygen  at 
25  atmospheres  pressure.  A  known  weight  of  water,  about  2,000 
grammes,  was  then  placed  in  the  calorimeter,  the  shell  immersed  in 
it,  and  the  whole  apparatus  placed  under  the  same  conditions  that 
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would  exist  during  an  actual  combustion.  The  water  was  then 
agitated  until  the  temperature  became  constant,  when  about  300 
grammes  of  water  at  a  much  lower  temperature  was  added,  and  the 
whole  agitated  until  the  temperature  again  became  constant. 
Readings  of  the  thermometer  were  taken  every  half-minute.  From 
the  observed  fall  of  temperature  the  water  equivalent  may  be  cal- 
culated by  means  of  the  following  formula: 

Let  X  =  water  equivalent  of  calorimeter  shell  and  appendages. 

/    =  final  temperature  of  water  in  calorimeter. 

/,  =  initial  temperature  of  water  in  calorimeter. 

/,  =  initial  temperature  of  cold  water  added. 

W  =  weight  of  water  in  calorimeter  at  beginning  of  ex- 
periment. 

w  -=  weight  of  cold  water  added. 

Then  we  have 

(/,_/)  jr+(/,-/)^  =  (/-/,)«., 

or 

_(/-/,)«»-(/,  -t)W 


X  = 


fx-l 


The  results  of  25  determinations  gave  a  mean  of  489.97.  The 
highest  of  these  observations  being*  516.8  and  the  lowest  459.7.  In 
the  calculations  490.  is  used.  We  chose  this  number  rather  than 
the  one  found  by  the  other  method  because  of  the  uncertainty  in 
regard  to  the  weight  of  the  porcelain  lining. 

METHOD    OF    MAKING    A    DETERMINATION    WITH     COAL. 

About  10  grammes  of  coal  to  be  tested  is  finely  powdered  and 
passed  through  a  sieve  having  10,000  meshes  to  the  square  inch. 
It  is  necessary  that  the  coal  be  very  fine  or  it  will  not  burn  com- 
pletely. The  powdered  sample  is  placed  in  a  glass  weighing  tube. 
The  platinum  wires  and  pan  are  attached  to  the  cover  of  the  shell 
and  the  iron  wire  helix  placed  in  position.  A  sample  of  coal  is  now 
poured  into  the  pan  from  the  weighing  tube,  care  being  taken  to  see 
that  none  is  spilled  and  that  the  iron  wire  helix  passes  through  the 
coal.     The  cover   is  then  placed  on  the  shell   and  screwed  down 
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firmly.  The  shell  is  now  connected  with  the  oxygen  cylinder,  and 
the  oxygen  allowed  to  flow  in  until  the  gauge  shows  a  pressure  of 
about  25  atmospheres.  The  stop-cock  is  then  closed  and  the  shell 
placed  in  the  calorimeter,  which  has  been  previously  partially  filled 
with  about  2,400  grammes  of  water.  The  thermometer  and  agitator 
are  adjusted,  and  the  whole  well  stirred  to  obtain  a  uniform  temper- 
ature. The  temperature  is  then  observed,  from  minute  to  minute, 
for  four  or  five  minutes,  so  as  to  determine  its  rate  of  change.  The 
charge  is  then  ignited  by  connecting  one  pole  of  the  battery  to  the 
electrode  F  and  touching  the  other  pole  to  any  part  of  the  shell. 
The  temperature  is  observed  each  minute  until  it  begins  to  fall 
regularly,  and  then  each  minute  for  five  minutes  in  order  to  ascertain 
the  law  of  cooling.  The  agitator  should  be  kept  going  constantly 
during  the  whole  period  of  the  observation.  The  shell  is  now  re- 
moved from  the  water,  the  stop-cock  R  opened  to  let  out  the  gas,  and 
then  the  shell  itself  is  opened.  The  shell  should  be  rinsed  out  with 
distilled  water  to  collect  the  acid  formed  during  combustion.  The 
amount  of  acid  carried  out  with  the  escaping  gas  is  negligible.  The 
calorific  power  of  the  coal  may  now  be  calculated  as  follows: 
Let  Q  =  calorific  power  of  coal. 

A  =  observed  rise  of  temperature. 

X  =  correction  for  radiation. 

/*  =  weight  of  water  taken  in  grammes. 
/*i  =  water  equivalent  of  shell,  appendages,  and  gas. 

/>  =  weight  of  HNO3  found. 

/>'  ^  weight  of  iron  wire  helix. 
.23  calorie  =  heat  of  formation  of  i  gramme  of  HNO3. 

1.6  calories  =  heat  of  combustion  of  i  gramme  of  iron. 

Then 

Q  =  (A  +  a)  (P  +  pi)  ^  (0.23  />  +  1.6/). 

EXAMPLE    SHOWINC;    METHOD    OF    CA  LCUL.\TION. 

1.042  grammes  of  coal  was  taken. 

The  calorimeter  contained  2,276.6  grammes  of  water. 
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The  water  equivalent  of  apparatus  ^  490  grammes 
The  pressure  of  oxygen  =  25  atmospheres. 
The  law  of  variation  of  temperature  in  the  calorimeter  before 
combustion  is  expressed  by 

X,  =  0, 

The  law  of  variation  during  subsequent  period  is 
X^  =  27.46  —  27.395  =   065°  C. 

Hence,  during  the  period  of  combustion  the  system  lost  .065 
<Jegree  by  radiation. 

The  apparent  variation  of  temperature  is 

27.460  —  24.855°  =  2.605°  C. 

Actual  variation  =  2.605°  +  .065^  =  2.67°  C. 

The  HNOj  formed  =  .15  gramme. 

And  the  weight  of  iron  wire  =  .025  gramme. 

Hence,  heat  of  formation  of  HNO3    =  -'5    X    .23  =  .0345 

calorie. 

And  heat  of  combustion  of  wire  =  .025  x  1.6  =  .04  calorie. 
Heat  of  combustion  of  coal  =  2.67  x  (2,276.6  +  49©) 

=  7,386.6  calories. 
7,386.6  —  (.0345  +  .04)  =  7,386.53  calories 

-T-  1.042  =  7,088.7  calories. 
In  our  work  with  this  instrument  we  tested  five  samples  of 
coal,  making  five  determinations  with  each  sample. 

The  results  were  very  satisfactory,  the  variations  in  the  differ- 
ent determinations  being  less  than  usual  in  calorimetric  tests,  and 
can  easily  be  accounted  for  by  a  very  slight  difference  in  the  amount 

of  slate  or  other  incombustible  substance  contained  in  the  different 
s^amples. 

SAMPLE  NO.   I.      PENNSYLVANIA   ANTHRACITE. 

Average  result  of  five  determinations  =  7,089.25  calorific  power. 
Highest      **        "     "  ••  =7,115.66 

Lowest       *'        •'     *•  "  =.  7,044.26 

SAMPLE   NO.   2.       SCRANTON    COAL. 

Highest  result  of  five  determinations  -=  7,970.16  calorific  power. 
Lowest       *'        *•     ••  •'  -=  7,612.86 

Average     **        *'     **  "  =  7,827.76 
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SAMPLE   NO.  3.      WILKESBARRB  COAL. 

Average  result  of  five  determinations  —  7,610.14  calorific  power. 
Highest     ••        •*     *•  *•  —  7,673.8 

Lowest       ••        '•     •*  *•  —  7.505.8         •• 

SAMPLE  NO.  4.      BITUMINOUS   COAL   FROM   CLEARFIELD   REGION,  PA. 

Average  result  of  five  determinations  ^  8,127.88  calorific  power. 
Highest  **  *•  **  —  8,170.4 

Lowest  '*  *•  '•  —8,057.4 

SAMPLE   NO.  5.      BITUMINOUS   COAL   FROM   COLEMAN   COUNTY.  TEXAS. 

Average  result  of  five  determinations  —  6,766.    calorific  power. 
Highest         *•  *'  ••  —  6.793.6 

Lowest  •*  •*  "  —  6,720.3 

To  test  the  reliability  of  the  instrument  four  samples  of  willow 
charcoal  were  burned,  with  the  following  results: 

Average  result  of  five  determinations  —  7.973.  calorific  power. 
Highest         •*  •*  "  —7.975. 

Lowest  *'  ••  "  —  7,971. 

The  great  uniformity  of  these  determinations  shows  this 
calorimeter  to  be  a  very  accurate  instrument.  It  also  is  very  easily 
operated.  As  only  about  40  minutes  are  required  for  each  deter- 
mination, it  is  evidently  the  quickest  working  calorimeter  that  has 
ever  been  invented. 
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BY    EDWARD    A.    UEHLING,     77. 


THE  want  of  an  accurate,  reliable,  and  durable  instrument  for 
measuring  high  temperatures  has  long  been  felt,  not  only  by 
scientists,  but  by  engineers  and  metallurgists  as  well. 

The  pyrometers  which  have  so  far  been  available  have  either 
proved  to  be  too  delicate  and  difficult  to  manipulate  for  practical 
use,  as,  for  instance,  is  the  case  with  the  electrical  instruments,  or 
inaccurate  and  unreliable,  as  are  those  depending  on  the  expansion 
of  metal  rods,  or  too  inconvenient  and  cumbersome,  as  are  those 
depending  on  calorimetric  methods. 

The  air  pyrometer,  although  based  upon  the  substance  which 
possesses  the  ideal  properties  required  for  measuring  the  widest 
range  of  temperature  with  the  greatest  accuracy,  has  thus  far  given 
reliable  results  only  in  the  hands  of  physicists. 

It  is  not  the  object  of  this  article  to  discuss  the  shortcomings 
and  errors  of  the  existing  pyrometers;  but,  rather,  to  describe  a 
new  instrument,  which  is  based  on  the  fundamental  laws  of  the 
flow  of  air,  and  makes  use  of  a  novel  principle,  by  the  aid  of 
which  all  the  difficulties  attending  the  use  of  the  existing  air  pyro- 
meters are  overcome. 

The  Pneumatic  Pyrometer,  which  is  the  invention  of  the 
author,  and  has  been  brought  to  its  present  degree  of  perfection  by 
Mr.  Alfred  Steinbart,  a  graduate  of  the  University  of  Berlin,  Ger- 
many, is  based  on  the  novel  application  of  the  law  of  flow  of  a 
perfect  gas  through  two  successive  minute  apertures.  If  these 
apertures  form  respectively  the  inlet  and  outlet  of  a  chamber,  then 
the  tension  in  the  chamber  depends  upon  the  difference  of  tem- 
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perature  at  which  the  air  flows  through  the  respective  apertures 
into  and  out  of  the  chamber. 

Thus,  if  a  current  of  air  be  caused  to  flow  through  the  chamber 
by  a  constant  suction,  and  be  allowed  to  enter  at  one  aperture  at 
the  temperature  to  be  measured  and  be  exhausted  at  the  other 
at  a  constant  normal  temperature,  then  the  tension  of  the  air  in 
the  chamber  will  be  a  correct  indication  of  the  temperature  to 
be  determined. 

The  accompanying  illustration  represents  the  application  of 
this  principle  to  a  pyrometer  designed  especially  for  continuously 
indicating  the  temperature  of  the  blast  used  in  the  smelting  of  iron. 
The  universal  blast-furnace  practice  now  is  to  heat  the  blast  to  from 
1,200°  to  1,600°  Fahr.,  and  it  is  very  important  to  know  at  all  times 
what  the  temperature  of  the  blast  is. 

The  principal  object  in  using  a  highly-heated  blast  is  to  econo- 
mize fuel;  but  the  temperature  of  the  blast  also  affects  the  chemical 
composition,  and  hence  the  quality,  of  the  iron  produced.  Varia- 
tion in  the  temperature  of  the  blast  therefore  not  only  tends  to  in- 
crease the  fuel  consumption,  but  to  prejudicially  affect  the  quality 
of  the  iron,  as  well. 

All  modern  blast  furnaces  are  now  equipped  with  firebrick 
stoves  for  heating  the  blast,  and  the  every-day  practice  is  to  **  change 
stoves"  on  time,  usually  at  intervals  of  one  hour.  As  a  rule,  at  all 
well-managed  plants,  the  temperature  is  taken  with  some  form  of 
portable  pyrometer  by  the  "stove  men"  at  every  change  of  the  stoves, 
and  recorded.  The  founder,  however,  has  little  faith  in  the  record, 
and  pays  no  attention  to  it.  If  the  blow  pipes  show  red  he  knows 
he  has  a  good  heat;  if  they  are  bright  red  the  heat  is  very  good; 
and,  if  the  pipes  are  dark  he  stirs  up  the  stove  man,  and  if  the 
furnace  has  made  an  "off-cast"  of  iron  in  consequence,  the  stove  man 
is  more  or  less  severely  hauled  over  the  coals.     "  The  heat  was  all 

right;  seethe  records,  1,300  to  1,450  degrees."     ''D therecord! 

black  blow  pipes  and  white  iron  show  what  your  heat  was.  You  did 
not  have  1,000  degrees.    1  want  1,500  degrees."    The  "stove  man" 
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now  puts  his  entire  energy  into  getting  the  heat  up.     Probably, 
when  the  founder  comes  around  again  he  finds  the  blow  pipes  white- 
hot.     His  experience  prompts  him  to  inspect  the  stoves.     He  finds 
the  combustion  chambers  dripping  with  the  molten  firebrick.     "What 
do  you  mean  by  melting  down  the  stoves?'*     "You  wanted  1,500 
degrees  and  I  tried  to  get  it."    "Why,  you  have  1,700  degrees  to 
1,800  degrees."     **  No,  sir;  I  have  only  1,480  degrees;  I  just  tried 
it."     ** White-hot  blow. pipes  and  melting  down  stoves  on    1,480 
degrees  ?     Nonsense  !  "     "  But  the  pyrometer  shows  1,480  degrees, 
and  that  is  all  I  have  to  go  by,  and  they  want  a  record  of  the  heat 
in  the  office."     "  That's  all   right   enough  for  the  office,  but  in 
future  you  watch  the  blow  pipes  and  the  combustion  chambers,  and 
don't  pay  any  attention  to  the  pyrometer  when  I  give  you  orders." 

This  illustrates  the  state  of  the  art  as  applied  to  blast-furnace 
practice;  and  other  industries  using  high  heats  fare  no  better,  if  not 
worse.  'Confining  ourselves  to  the  blast  furnace,  we  have  the  fact  that 
100  degrees  of  heat  carried  in  by  the  blast  is  equivalent  to  something 
like  50  pounds  of  fuel  per  ton  of  iron  filled  at  the  top.  Assuming 
the  cost  of  coke  at  $2.50  per  ton  at  furnace,  and  the  average  output 
at  150  tons  per  day,  100  degrees  of  heat  in  the  blast  would  mean 

-^-— ^-  =  6^4  cents  per  ton,  or  $9.32  per  day,  or  over  $2,500  a 
2,000 

year.  The  difference  in  the  market  price  between  No.  i  and  No.  3 
foundry  iron  is  about  $r.  Supposing  the  furnace  makes  only  50 
tons  of  No.  3  iron,  on  account  of  irregular  heat  in  blast,  in  a  week, 
this  would  amount  to  50  x  52  =  $2,600  a  year.  Both  together, 
therefore,  foot  up  to  over  §5,000,  or  10  times  the  cost  of  an  instru- 
ment such  as  illustrated  and  described  below. 

At  the  No.  2  furnace  of  the  Sloss  Iron  and  Steel  Company, 
^^'here  the  Pneumatic  Pyrometer  has  now  been  in  constant  use  for 
'^^erfour  months,  the  following  facts  were  revealed: 

First.  That  no  two  stoves  gave  the  same  results,  the  best  one 
losing  250  degrees  in  one  hour,  and  the  worst  one  the  same  amount 
'"  35  minutes,  and  that  changing  by  the  watch  at  intervals,  every 
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hour  for  instance,  as  is  the  usual  practice,  must  give  very  irregular 
results. 

Second,  That  while  the  records  of  temperature  taken  in  the 
usual  way  varied  between  1,350  and  1,450  degrees,  the  actual 
variation  was  between  1,150  and  1,650  degrees. 

Third.  That  a  dark  blow  pipe  is  not  always  an  indication  of 
low  temperature.  The  pipe  may  be  coated  on  the  inside  and 
indicate  much  less  than  the  actual  temperature  of  the  blast. 

Fourth,  That  the  best  portable  pyrometers  now  available  will 
vary  from  50  to  150  degrees  above  or  below  the  actual  temperature 
measured. 

Fifth,  That  with  four  good  stoves  the  temperature  of  blast 
may  be  kept  within  50  degrees  of  the  heat  desired. 

Sixth,  A  dirty  stove  or  a  "  short  cut  "  in  a  stove  is  at  once  re- 
vealed by  the  incapacity  of  the  latter  for  holding  the  heat. 

It  is,  therefore,  probably  underrating  the  benefits  derivable 
from  the  use  of  an  accurate  and  continuous  pyrometer  to  base  its 
value  on  the  figures  given  above. 

The  Pneumatic  Pyrometer,  as  illustrated,  is  shown  as  attached 
to  the  hot-blast  main  of  a  blast  furnace,  and  is  especially  designed 
for  that  purpose.  It  consists  of  a  platinum  tube  B^,  Figs.  2  and  3, 
half  an  inch  in  diameter,  and  of  sufficient  length  to  extend  very 
nearly  through  the  lining  of  the  hot-blast  main,  to  the  shell  of  which 
it  is  secured  by  the  coupling  a^  and  the  gland  b^  the  latter  being 
secured  to  the  flange  r,  which  is  bolted  to  the  shell.  Concentric, 
within  the  tube  B^,  is  placed  a  smaller  platinum  tube,  e  e\  three- 
sixteenths  of  an  inch  in  diameter,  which  extends  very  close  to  the 
end  of  the  tube  B^,  and  is  held  in  position  by  the  coupling  /.  The 
connection  between  a  and  /  is  provided  with  a  branch  //,  to  which 
is  connected  a  filter  B^.  The  latter  consists  of  a  chamber,  about 
2  inches  in  diameter  and  io  inches  long,  loosely  filled  with  cotton. 
The  inner  pipe  e  e'  continues  by  the  pipe  /  /to  the  vessel  C,  and  within 
this  by  the  pipey  and  worm  k  k  to  the  coupling  C^,  which  is  shown 
in  detail.  Fig.  4.     The  first  small  aperture  is  located  at  the  end  e'  of 


I 

\ 


'^S:^ 


J 


r 


The  Pneumatic  Pyrometer. 


"5 


'r\  '■ 


a\\ 


1 1 


^^ 


rl: 


>J- 


£c 


1^- 


■•  I 


H> 


9 


H 


dC 


m. 


e 


T 


•      9 ■    9j 


a 


#ig.i 


136 


The  Pneumatic  Pyrometer. 


the  inner  tube  e  e\  and  the  second  aperture  is  located  in  the  coup- 
ling C,  as  shown  in  Fig.  4  at  /.  From  C^  the  tube  continues  by  wot 
to  the  top  of  the  chamber  A.  A  also  connects  with  an  aspirator  (not 
shown)  by  the  pipe  n  n,  and  with  the  manometer  ?  <?  by  the  bent 
tube  o\  it  is  further  provided  with  a  stop-cock/  and  with  a  tube  r  r 
which  is  open  to  the  atmosphere  at  the  upper  end  and  reaches  to 
within  3  inches  of  the  bottom  of  the  chamber  A.     The  upper  end 
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of  rr  passes  through  a  stuffing  box  and  is  provided  with  a  rack  and 
pinion  and  wheel  s,  by  which  it  may  be  raised  or  lowered.  The  pipe 
/  /  communicates  through  the  capillary  tube  ///with  the  mano- 
meter u  !c  and  may  be  proionged  by  means  of  a  T  piece  v  and 
tube  ?('to  the  office,  or  any  other  place  or  places  where  it  may  be 
necessary  or  desirable  to  indicate  the  temperatures  to  be  measured. 
The  manometer  tubes  ./  </  and  ;/  u  have  their  lower  ends  immersed 
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in  colored  water,  contained  in  the  reservoir  R.  The  vessels  A  and 
C,  which  are  made  of  brass  tubes  7  inches  in  diameter,  are  respect- 
ively 4  feet  8  inches  and  i  foot  6  inches  long,  are  connected  with 
the  water  supply  pipe  by  the  pipe  connection  EFT  and  ESN. 
C  is  the  temperature  regulator,  and,  with  the  valve  K  closed  and  L 
and  I  open,  is  kept  filled  with  water  to  the  level  of  the  overflow  H. 
The  pipe  and  worm  x y  z,  which  is  connected  with  the  steam  or  hot- 
air  main,  continually  keeps  the  water  boiling ;  and,  because  C  is 
open  to  the  atmosphere  through  D,  a  constant  temperature  of  212° 
Fahr.  is  maintained.  A  is  the  suction  regulator.  By  opening  the 
petcock  /  and  the  valve  M  it  is  filled  with  water  to  the  proper 
level.  The  tube  r  r  must  be  immersed  in  the  water  in  A  exactly 
4  feet,  which  can  be  readily  done  by  the  wheel  S.  By  these  means 
the  essentials  for  exact  determination  of  temperatures  are  supplied. 
The  aspirator,  capable  of  exhausting  a  somewhat  greater  volume 
of  air  than  the  small  apertures  will  admit,  is  turned  on;  and  the 
deficiency  being  supplied  through  the  tube  r  r  against  a  constant 
head  of  4  feet  of  water,  the  suction  at  C^,  the  second  aperture, 
cannot  vary  appreciably  above  or  below  that  point.  By  the  mano- 
meter q  q  the  suction  may  be  at  any  moment  observed,  and  will  be 
found  standing  steadily  at  the  point  4,  so  long  as  the  tube  r  r  ex- 
tends into  the  water  the  proper  depth. 

The  water  in  A  very  gradually  evaporates,  and  as  this  occurs 
to  an  appreciable  amount  r  r  is  lowered;  when  it  has  reached  the 
bottom,  it  is  again  raised,  and  the  waste  is  supplied  through  the 
valve  M.  This,  in  continual  use,  is  found  necessary  about  once  a 
month. 

The  suction  being  applied,  the  air  from  the  atmosphere  enters 
through  the  filter  B^,  where  it  is  freed  from  dust,  flows  through  h 
into  the  platinum  tube  B^,  where  it  assumes  the  temperature  of  the 
hot  blast  in  the  main  B,  at  which  temperature  it  enters  the  first 
aperture  e'  at  the  end  of  the  tube,  by  which  it  returns  and  passes 
through  /  /  into  j  and  the  worm  kk  located  in  the  boiling  water 
maintained  in  C.      The  temperature  of  melting  ice,  or  any  other 
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constant  temperature,  would  answer  as  well.  In  its  passage 
through  the  worm  it  assumes  the  constant  normal  temperature  at 
which  it  flows  through  the  second  aperture  located  in  C^,  as  shown 
in  the  detailed  sectional  cut«  Fig.  4,  thence  through  m  m  into  the 
regulator  A,  and  from  it,  by  the  pipe  n  Jt,  to  the  aspirator. 

As  already  explained,  the  tension  in  the  chamber  or  tube  be- 
tween the  two  af>ertures  is  a  correct  measure  of  the  difference  of 
temperature  at  which  the  air  flows  through  each  of  them  respect- 
ively ;  therefore  the  manometer  u  1/,  supplied  with  a  proper  index, 
and  connected  to  the  tube  /  /  by  the  capillary  tube  /  /  /,  will  con- 
tinuously and  accurately  indicate  the  temperature  in  B.  The  tem- 
perature manifesting  itself  as  tension  of  a  continuous  current  of  air 
through  / /,y,  >6  >6,  the  length  of  the  capillary  tube  ///  does  not 
affect  the  accuracy  of  the  indications,  neither  does  the  number  of 
manometers  connected,  so  long  as  the  connections  are  perfectly  air- 
tight. 

It  is  therefore  quite  feasible  to  indicate  the  temperature  in  as 
many  places  as  may  be  desirable. 

It  is  also  immaterial,  so  far  as  the  accuracy  of  the  indications 
is  concerned,  at  what  distance  from  the  place  at  which  the  tem- 
.  perature  is  to  be  measured  the  tension  and  temperature  regulators 
A  and  C  are  located,  so  long  as  the  area  of  the  tube  between  the 
two  apertures  is  sufficiently  in  excess  of  the  area  of  the  apertures. 
The  latter  is  only  one  sixty-fourth  of  an  inch  in  diameter,  and  can 
be  made  even  less ;  and  three-eighths  inch  pipe  is  ample  for 
distances  below  500  feet. 

The  pneumatic  pyrometer  can  therefore  readily  be  made  semi- 
portable.  By  making  the  tube  /  /  of  sufficient  length  and  flexibility, 
it  would  be  quite  feasible  to  transfer  it  from  the  smoke-box  to  the 
furnace  or  into  any  portion  of  a  flue  of  a  boiler  which  may  be  under- 
going a  test. 

(Changes  ot  temperature  of  the  air  in  the  conduit  between  the 
apertures  affect  the  accuracy  of  the  indications  only  momentarily. 
By  virtue  of  the  eontitiNous  Jiow  of  the  air  through  the  tube  equilibrium 
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h  very  soon  established^  and  then  the  difference  of  temperature  at  which 
the  air  flows  through  the  respective  apertures  determines  the  tension 
irrespective  of  its  temperature  while  flounng  from  one  aperture  to  the 
other.  This  property  renders  the  pneumatic  pyrometer  available 
for  measuring  the  temperature  of  very  small  areas  as  well  as  large 
ones;  for  instance,  it  is  just  as  feasible  to  measure  with  it  the  tem- 
perature of  the  contents  of  a  lo-gramme  crucible  as  of  40  tons  of 
molten  steel  contained  in  a  huge  ladle,  and  it  can  be  made  to  indi- 
cate the  temperature  of  the  fiame  of  a  Bunsen  burner  as  accurately 
as  heat  of  the  flame  issuing  from  a  converter. 

The  term,  pyrometer,  when  applied  to  the  above  described  in- 
strument, is  really  a  misnomer,  for  while  it  is  capable  of  measuring 
temperatures  up  to  where  platinum  ceases  to  be  a  solid,  its  range 
for  low  temperatures  terminates  only  where  air  ceases  to  be  a  per- 
fect gas.     Its  telemetric  properties  would  seem  to  render  it  partic- 
ularly applicable  to  cold-storage  plants,  and  to  all  other  industries 
where  it  is  important  to  know  the  temperature  of  a  place  without 
going  into  it.     The  most  important  effect  of  the  telemetric  feature 
of  this  instrument  will  manifest  itself  in  the  moral  force  which  it 
exerts  on  those  who  have  to  be  relied  upon  to  maintain  the  neces- 
sary or  desired  temperatures.     It  is  one  thing  to  give  instructions 
that  certain  temperatures  shall  be  maintained,  and  another  to  know 
that  the  orders  are  executed.     If  you  have  the  means  of  knowing 
whether  your  orders  have  been  faithfully  carried  out,  they  generally 
will  be  carried  out,  and  vice  versa. 

One  of  the  above  described  pyrometers  has  now  been  in  con- 
tinuous use  for  over  four  months,  and  has  in  that  time  frequently 
been  subjected  to  heats  above  2,000  degrees,  and  on  one  occasion 
to  over  2,700  degrees  without  affecting  its  sensitiveness  at  the 
ordinary  temperatures — viz.:  1,200  to  1,600  degrees. 


THEORY  AND  PRACTICE  IN  TECHNICAL  EDUCATION. 


IN  a  recent  address  before  the  Institution  of  Electrical  Engineers 
M.  Alexander  Siemens  (than  whom  no  one  is  better  able  to 
speak  from  personal  experience  and  wide  observation)  said:  **  It  is 
highly  desirable  that  the  teaching  at  engineering  colleges  should  be 
confined  to  general  principles  as  far  as  the  applications  of  science 
are  concerned,  and  that  the  student  should  become  thoroughly 
well  acquainted  with  the  mental  tooh  that  are  used  in  scientific 
investigation,  such  as  mathematics,  the  general  principles  of 
chemistry,  and  of  the  branches  of  natural  philosophy." 

And  further  he  says:  "In  most  cases  the  conclusions  of  pure 
science  have  to  be  modified  by  practical  considerations  before  a 
useful  application  can  be  produced." 

Taking  these  two  statements  together,  we  will  not  be  misled  by 
the  too  unqualified  assertions  of  either,  and  perceive  that  while 
insisting  on  the  great  importance  of  a  training  in  general  prin- 
ciples, Mr.  Siemens  does  not  intend  to  exclude  instruction  in  the 
practical  applications  essential  not  only  for  their  useful  employ- 
ment, but,  as  every  experienced  instructor  also  knows,  equally 
essential  for  their  full  understanding  and  mental  appropriation. 

H.  M. 
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The  Commercial  Element  in  Technical  Education. — 
"No  more  exasperating  thing  can  occur  to  the  young  graduate  com- 
ing forth  with  his  brain  filled  with  visions  of  thermodynamics,  co- 
efficients, neutral  axes,  radii  of  gyration,  etc.,  than  to  be  asked  the 
price  of  a  6-inch  pulley  and  have  no  idea  of  the  answer  nor 
know  where  to  get  the  information;  or  to  be  asked  the  relative 
value  of  two  dififerent  types  of  engines  and  to  find,  after  having 
given  their  water  consumption  or  their  economy  based  thereon, 
that  the  relative  value  from  a  commercial  standpoint  was  wanted, 
or  the  cost  per  horse-power,  day  or  year.  I  doubt  if  there  are  very 
many  engineering  schools  in  the  country  where  the  pupils  are 
taught  when  to  use  a  compound  engine  or  when  to  use  a  condenser. 

**  Many  an  elaborate  plan  and  many  a  well-laid  scheme  has 
fallen  through  because  of  the  commercial  element  having  been  en- 
tirely neglected  or  not  thoroughly  understood.  It  will  be  argued, 
and  justly  so,  that  a  student  cannot  cram  his  head  with  a  mass  of 
data  whose  value  is  as  constantly  fluctuating  as  the  prices  of  differ- 
ent machines  and  their  parts,  but  their  value  can  be  economically 
determined  and  retained,  and  the  economical  principles  of  the  ma- 
chine business  can  be  readily  taught.  I  would  recommend  a  sys- 
tem or  course  of  instruction,  in  shop  and  construction  accounts  and 
bookkeeping,  together  with  the  methods  of  determining  the  cost  of 
construction,  and  practice  in  estimating;  in  bridge  work,  the 
method  of  determining  the  cost  of  a  bridge,  with  the  variation  of 
price  dependent  upon  the  variation  of  span  and  weight  of  bridge: 
in  shop  work,  shop  accounts,  piece  work  versus  day  work,  arrange- 
ment of  tools  and  buildings,  with  relation  to  the  work  to  be  done. 
It  will  not  be  possible  to  go  into  all  the  details  of  this  subject,  but 
the  fundamental  principles  can  be  very  readily  covered. 

**  Let  it  ever  be  kept  before  the  student  that  the  profession  of 
an  engineer  is  essentially  a  commercial  one,  and  that  he  must  build 
no  better  than  the  exigencies  of  the  case  demand.  He  is  a  middle 
man  between  the  producer  of  facts  and  the  consumer;  between  the 
scientist  and  investigator  and  the  business  man,  and  that  to  sue- 
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ceed  he  must  combine,  to  a  certain  extent,  in  his  own  person  the 
qualities  of  both. 

*'The  great  names  which  have  adorned  the  history  of  engi- 
neering were  of  those  who,  having  the  constructive  faculty  largely 
developed,  built,  as  best  they  could,  that  which  was  required  of 
them,  often  insecure,  often  crude,  often  abnormally  expensive,  and 
yet  often  better  than  they  knew.  To  these  men  the  problem  was 
not  so  much  what  a  structure  would  cost,  but  to  build  a  bridge 
which  would  not  fall  down,  a  dock  which  would  stand  the  buffets 
of  ships  and  waves,  a  structure  which  would  be  enduring  and 
serviceable  alike.  How  well  they  have  succeeded  the  monuments 
which  they  have  left  to  us  attest. 

"  It  is  with  all  reverence  and  humility  that  I  thus  speak  of 
those  who,  by  the  boldness  of  their  genius,  astonished  the  world, 
and  who  set  an  example  of  problems  solved  and  work  done  with 
facilities  sufficiently  inadequate  to  daunt  the  boldest  at  the  present 
day.  To  these  men  the  certainty  and  accuracy  of  their  calculations 
as  to  the  strength  of  a  beam  was  of  far  more  importance  than  its 
cost;  the  strength  and  distribution  of  the  strains  of  a  bridge  of  far 
more  moment  than  the  relative  economy  of  different  styles  of 
trusses.     To-day  we  are  met  by  an  entirely  different  set  of  conditions. 

"  One  can  buy,  by  the  yard,  strain  sheets  of  bridges,  roofs,  and 
other  framed  structures  of  all  kinds  and  for  all  conditions  of  ser- 
vice; for  a  few  dollars  a  full  set  of  designs  can  be  had  for  different 
types  of  locomotives;  the  strength  of  materials  has  been  carefully 
worked  out,  and  books  can  be  had  for  the  asking,  giving  the 
strength  of  beams,  girders,  etc.;  the  efficiency  of  prime  movers  has 
been  carefully  determined,  and  the  data  thereon  can  be  readily 
obtained.  One  does  not  now  design  a  turbine  wheel  or  a  steam 
engine  unless  directly  in  that  business,  although  one  may  thoroughly 
understand  the  subject;  but,  looking  up  the  results  of  tests,  one 
selects  the  engine  best  adapted  to  the  work  to  be  done,  and  goes  to 
the  manufacturer  for  the  outfit  complete.  The  question  now  asked 
is,  not  if  a  process  can  be  devised  for  accomplishing  certain  results, 
but  which  of  a  number  of  methods  is  the  best,  and  by  the  best  is 
meant  the  most  economical.  Many  an  elaborate  plan  and  many  a 
well-laid  scheme  has  fallen  because  of  the  commercial  element 
having  been  entirely  neglected  or  not  thoroughly  understood." — 
Prof,  L.  S.  Randolph^  Stevens  '83,  in  Gassier  s  Magazine  for 
January. 
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Wasteful  Use  of  Exhaust  Steam. — **  Economy  from  the 
use  of  exhaust  steam  from  an  engine  for  heating  purposes  has  be- 
come so  generally  looked  upon  as  a  matter  of  course  that  it  would 
seem  to  many  almost  like  rank  heresy  to  question  the  advisability, 
in  any  case,  of  utilizing  so  obviously  valuable  a  waste  product — in 
fact,  to  actually  recommend  throwing  it  away  and  substituting  in  its 
place  live  steam  from  a  boiler. 

'•  Every  engineer  knows  that  after  steam  has  performed  its 
legitimate  function  in  a  non-condensing  engine  and  has  there 
reached  its  limit  of  usefulness  as  a  propelling  agent  behind  the 
piston,  it  still  possesses  a  very  considerable  amount  of  heat  which 
can  be  profitably  extracted  in  a  variety  of  ways.  For  years,  in 
fact,  sermons  were  preached,  and  are  still  being  preached,  on  the 
advantages  to  be  derived  from  the  several  methods  of  turning  this 
steam  to  some  account,  until,  at  last,  owners  of  boilers  and  engines 
became  educated  up  to  that  point  where  they  recognized  that  by 
passing  the  exhaust  through  heating  systems  and  feed-water  heaters, 
instead  of  allowing  it  to  escape  directly  into  the  open  air,  they 
could  virtually  get  something  for  nothing. 

"That  in  laying  out  such  systems,  however,  there  are  qualifica- 
tions to  be  observed  which  may  make  all  the  difference  between 
gain  and  loss  seems  to  have  been  overlooked  in  many  instances, 
and,  as  a  consequence,  suggestive  results  can  be  found  in  numbers, 
strikingly  showing  that  exhaust  steam  may  sometimes  be  profitably 
allowed  to  go  to  waste." — Albert  Spies ^  Strcens  '81,  ///  Gassier  s  Ma^- 
azine  for  January. 


Legal  Protection  of  Mental  Products — '*An  incident  in 
the  life  of  Crebillon  was  an  early  cause  which  led  to  the  legal  pro- 
tection of  the  production  of  the  mind.  The  invention  in  this 
instance  related  to  literature;  namely,  the  tragedy  ^Catiline/ 
Crebillon,  unfortunately,  had  several  creditors,  who  attached  his 
invention  both  as  a  book  and  as  a  play.  Crebillon  knew  that  in 
time  the  poetry  which  he  had  composed  would  be  equivalent  to 
many  times  his  debts,  and  that  it  was,  therefore,  cruel  that  he 
should  lose  such  valuable  property.  His  petition  is  admirably 
worded,  and  as  it  could  have  been  appropriately  signed  by  any 
engineering  inventor  of  this  late  day,  it  is  reported  in  part  below. 
The  petition  rehearses  that  the  poem  had  been  unknown,  *  that  it 
should  not  be  allowed  to  class  among  seizable  effects,  the  products 
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of  the  human  mind;  that  if  such  a  practice  were  permitted,  those 
who  had  consecrated  their  vigils  to  the  studies  of  literature,  and 
who  had  made  the  greatest  efforts  to  render  themselves,  by  this 
means,  useful  to  their  country,  would  see  themselves  placed  in  the 
cruel  predicament  of  not  venturing  to  publish  works,  often  precious 
and  interesting  to  the  State:  that  the  greater  part  of  those  who 
devote  themselves  to  literature  require  for  the  first  wants  of  life 
those  aids  which  they  have  a  right  to  expect  from  their  labors;  and 
that  it  never  has  been  suffered  in  France  to  seize  the  fees  of  lawyers 
and  other  persons  of  liberal  professions.'  The  King,  Louis  XV., 
promptly  issued  a  decree  in  May,  1749,  awarding  protection  to 
literary  inventors.  In  the  proclamation  it  was  declared  that  the 
productions  of  the  mind  are  not  among  seizable  effects.  Later,  in 
1762,  the  same  king  issued  decrees  relating  to  inventions  in  general, 
the  special  object  being  to  limit  the  term  of  privilege  to  fifteen 
years,  so  that  an  invention  could  not  be  left  as  perpetual  property  to 
descendants." — Edward  P,  Thompson^  Stcocpis  '78,  in  Gassier* s 
Magazine  for  January, 


A  Large  Locomotive  of  New  Design. — **  The  engine  is  to 
be  capable  of  developing  2,000  horse-power ;  and,  on  the  level,  of 
attaining  a  speed  of  100  miles  per  hour.  The  driving  wheels  are 
to  be  12  feet  in  diameter,  the  cylinders  40,  28,  and  13  inches  by 
30-inch  stroke,  and  the  boiler  pressure  200  pounds  per  square  inch. 
In  front  and  rear  of  the  large  driving  wheel  there  is  to  be  a  six- 
wheel  bogie  with  5-foot  wheels.  The  boiler  is  to  be  on  one  side 
of  the  driving  axle  and  the  engines  on  the  other  side,  with  a  three- 
throw  crank  axle.  There  is  to  be  no  tender,  the  water  being  carried 
in  a  tank  underneath  the  floor  of  the  engine-room,  and  the  coal 
in  the  rear  of  the  fire-box.  The  whole  of  the  bearings  are  arranged 
inside  the  engine-room,  and  accessible  when  the  engine  is  running. 
The  driver's  foot  plate  is  to  be  in  front,  and  will  form  a  compart- 
ment by  itself.  The  distance  from  London  to  Edinburgh  is  500 
miles,  and  the  time  taken,  about  8^  to  nine  hours,  will  be  reduced 
to  six  hours.  This  locomotive  was  designed  by  Mr.  Michael 
Reynolds,  Standeford,  England." — Paihcay  Engineer. 


Centrifugal  Strains  on  Flywheels. — **A  French  engineer, 

M.  Chaudy,  proposes  to  overcome  centrifugal  strains  on  flywheels 

laking  a  sliding  connection  between  spokes  and  rim  by  means 
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of  stud  bolts  passed  through  smooth  holes  in  the  rim  and  screwed 
into  flanges  on  the  ends  of  the  spokes.*' — Railway  Age. 


Large  Steam  Pipes. — **  The  system  instituted  by  the  British 
Admiralty  of  winding  all  steam  pipes  over  8  inches  in  diameter 
with  ^-inch  copper  wire,  thereby  about  doubling  the  bursting  press- 
ure, has  within  recent  years,  according  to  the  Engineer  (London), 
been  adopted  on  many  merchant  steamers  using  high-pressure 
steam.  The  Italian  naval  authorities  have  adopted  the  system  to 
some  extent,  and  they  find  that,  as  with  the  wire-wound  gun,  wire 
of  square  section  coiled  round  the  pipe  under  tension  adds  enor- 
mously to  the  strength. 

"  A  patented  system  of  manufacturing  steam  pipes  is  at  the 
present  time  being  experimented  with  by  a  west  of  Scotland  firm. 
It  consists  in  using  copper  of  the  thinnest  practical  gauge  to  form 
the  interior  or  core  of  the  pipe,  the  body  of  the  pipe  proper  being 
composed  of  steel  wire  wound  closely  round  the  core,  and  the  in- 
terstices between  the  coils  being  filled  in  solid  with  copper  by  a 
system  of  copper  electro-deposition.  Pending  this  and  other  pos- 
sible improvements  on  copper  pipes,  one  result  of  past  experience 
with  these  is  to  give  an  impetus  to  the  use  of  lap-welded  wrought- 
iron  pipes.  In  the  **  Campania  "  and  "  Lucania"  the  main  steam 
pipes  are  of  this  type,  and  experience  with  these  so  far  bears  out 
the  contention  of  some  engineers  that  for  modern  high  pressures 
they  are,  on  the  whole,  the  best  that  can  be  used." — Pcnver. 


Casting  Steel  Under  Pressure. — **  A  process  which  has 
been  tried  in  this  country  on  several  occasions  with  varying  degrees 
of  non-success,  of  casting  steel  ingots  under  pressure  developed  by 
centrifugal  force,  has  been  in  satisfactory  operation  in  Sweden  for 
about  two  years,  according  to  Staid  und  Eisen.  The  apparatus 
consists  of  an  upright  shaft  carrying  arms,  each  of  which  has 
a  platform  supporting  ingot  molds.  The  molds  are  upright  when 
the  shaft  is  at  rest,  but  fly  up  to  a  horizontal  position  when  set  in 
rapid  rotation.  Pressure  is  developed  in  the  direction  of  the  length 
of  the  ingot,  driving  out  gases  and  producing  a  solid  casting  of 
uniform  composition.  With  a  circumference  of  67  feet  and  at  a 
speed  of  125  revolutions  per  minute,  the  pressure  obtained  is 
equal  to  500  or  600  pounds  per  square  inch." — Railway  Age. 
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Hard-Faced  Steel  Castings. — "  Among  the  other  advances 
made  in  casting  steel  may  be  mentioned  one  for  making  a  casting 
having  one  or  more  faces  of  steel  much  harder  than  the  body  of 
the  casting.  The  process  consists  in  lining  such  faces  of  the  mold 
as  will  be  adjacent  to  the  parts  of  the  casting  which  it  is  desired 
to  harden,  with  a  metallic  alloy  in  a  crushed  or  powdered  state, 
capable  of  being  melted  and  absorbed  by  the  molten  steel  in 
contact  with  it,  and  of  such  a  nature  as  to  impart  to  the  steel  a 
hard  face,  or  a  face  of  such  a  composition  as  may  be  readily 
hardened.  If  it  be  desired  that  the  casting  shall  have  a  per- 
manently hard  face,  and  be  used  for  stamp  dies,  crusher  jaws,  and 
hammer  dies,  etc.,  ferro-manganese  gives  the  best  results.  If  it 
be  desired  to  do  machine  work  on  the  face,  and  make  it  extremely 
hard  afterward,  ferro-crome  is  most  suitable.  The  fact  that  it  is 
possible  to  produce  a  soft  steel  casting,  having  a  face  that  can  be 
hardened  without  causing  the  remainder  of  the  casting  to  become 
brittle,  will  undoubtedly  make  it  possible  to  use  steel  castings  in- 
stead of  chilled  iron  in  many  places  with  great  advantage." — If,  L, 
Gantty  in  Gassier* s  Magazine, 


"The  railway  *  marks*  invented  by  the  Hungarian  Minister, 
Luka»s,  will  shortly  be  adopted  on  all  Hungarian  railways.  For  the 
future  no  traveler  on  Hungarian  railways  will  be  troubled  to  stand 
waiting  at  the  ticket  office  for  his  ticket.  He  will  be  in  a  position 
to  make  out  his  ticket  for  himself.  On  a  blank  card  he  will  write 
the  name  of  the  station  from  which  he  takes  his  departure,  and  that 
of  the  station  he  means  to  go  to,  and  he  will  stick  on  to  the  remain- 
ing empty  space  on  the  card  as  many  ^railway  marks'  as  the 
journey  will  cost.  The  blank  cards  will  be  obtainable  at  all  tobacco 
shops." — London  Daily  News. 


"A  new  electrically-propelled  carriage  is  being  intro- 
duced by  M.  Paul  Pouchain,  of  Armentieres,  France.  The  carriage 
will  carry  six  persons.  The  electrical  energy  is  supplied  by  a  bat- 
tery of  54  Dujardin  accumulators.  The  motor  is  of  the  Rechinewski 
type,  with  an  output  of  2,000  watts.  It  is  fixed  in  the  center  of  the 
vehicle,  and  transmits  its  power  by  chain  gearing  to  the  driving 
wheel.  According  to  the  inventor  the  total  weight  of  the  carriage 
and  equipment  is  about  1^3  tons.  One  charge  of  the  accumulators 
is  sufficient  for  a  journey  of  44  miles  at  a  speed  of  10  miles  per 
hour.'  * — Electricity. 


OBITUARY. 


Edward  Barry  Wall,  eldest  son  of  Prof.  Edward  Wall,  of 
the  Stevens  Institute  of  Technology,  died  suddenly  at  Pittsburg, 
Pa.,  on  April  i,  of  peritonitis,  after  undergoing  an  operation  for 
appendicitis.  He  was  taken  ill  on  Saturday,  and  the  operation  was 
performed  on  Sunday  afternoon,  but  he  did  not  rally  from  the 
shock  of  the  operation.  The  funeral  took  place  from  the  Second 
Presbyterian  Church,  of  Columbus,  O.,  and  he  was  buried  beside 
his  young  wife,  who  died  in  August,  1893. 


Edward  Barry  Wall  was  born  in  Kingsborough,  N.  Y.,  on 
April  25,  1856. 

Until  he  began  his  special  preparation  for  the  Stevens  Institute, 
when  he  was  fourteen  years  of  age,  his  father,  with  the  exception  of 
a  few  months,  had  been  his  only  instructor.  This  exception  had 
been  his  attendance,  when  eleven  years  old,  at  the  Polytechnic  In- 
stitute of  Brooklyn,  which  was  interrupted  by  illness. 

In  April,  1870,  he  entered  the  school  in  Hoboken  then  called 
the  Martha  Institute.  This  name  was  changed  to  that  of  Stevens 
High  School  and  subsequently  to  Stevens  School,  and  forms  the 
Preparatory  Department  of  the  Stevens  Institute. 

His  English  studies  and  Latin  were  continued  in  the  Prepar- 
atory School,  together  with  the  branches  of  mathematics  required 
for  admission  into  the  Institute.  In  1872  he  entered  the  class  of 
7^  being  then  sixteen  years  of  age. 

The  first  two  years  of  his  connection  with  the  Institute  were 
not  remarkable  for  application  to  his  studies.  His  animal  spirits 
were  strong,  and  foot-ball  and  society  had  their  attractions. 


IX*  Obituary. 

Bit  with  the  beginning  of  his  Junior  year,  he  was  now  eighteen 
"^fAZ^  old,  2L  great  change  came  over  him.  He  gave  up  society  com- 
pletely. Not  only  were  his  evenings  given  to  study,  but  he  made 
all  the  use  possible  of  the  early  mornings.  The  chief  relaxation  he 
allowed  himself  was  foot-ball.  He  was  on  the  team  and  played  in 
the  college  contests.  He  was  quick  and  cooK  and  although  of  no 
great  weight,  sufficiently  strong  to  make  an  effective  player. 

In  the  experiments  on  boiler  explosion,  conducted  at  Sandy 
Hook  by  the  U.  S.  Government  in  the  summer  of  1875,  he  worked 
as  an  assistant. 

Toward  the  close  of  his  Senior  year  his  eyes  became  aflfectcd  by 
his  close  application  to  study,  and  he  was  under  treatment  by  an 
oculist  for  some  time. 

At  the  close  of  his  college  course  he  was  elected  Valedictorian 
of  his  class  and  Mr.  J.  Mather  Wallis  was  elected  Salutatorian. 
But,  on  account  of  some  j>ersonal  preferences,  the  duties  were, 
with  the  permission  of  the  class,  exchanged,  and  Mr.  Wall  on  com- 
mencement day  delivered  the  Salutator\-  and  Mr.  Wallis  the  Vale- 
dictory.  The  congratulations  which  the  speakers  received  at  the 
time  were  well  deserved,  and  the  excellence  of  both  addresses  has 
often  been  spoken  of  since. 

Immediately  after  his  graduation  he  entered  the  service  of  the 
Pennsylvania  Railroad  Company  in  the  car  shops  at  Altoona. 

He  went  through  all  the  shops  there  as  an  ordinary  apprentice, 
and,  from  the  start,  showed  his  purpose  to  add  to  his  college  edu- 
cation the  knowledge  which  is  to  be  gained  only  by  the  experience 
of  the  man  who  can  lay  aside,  for  the  time,  his  books,  put  on  his 
overalls,  and,  among  the  men  that  are  to  be  under  his  direction, 
learn  how  work  is  to  be  done. 

His  ability  to  meet,  and  his  determination  to  conquer,  the 
problems  that  were  before  him,  to  '*  do  with  his  might  what  his 
hands  found  to  do,"  met  a  speedy  reward  in  the  recognition  by  his 
superior  officers,  that  he  was  needed  in  a  higher  place. 
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From  Altoona  he  was  called  to  be  Superintendent  of  Motive 
Power  of  the  P.  C.  C.  &  St.  L.  R.  R.,  an  important  part  of  the  Penn- 
sylvania system.     In  this  position  he  spent  ten  years,  and  mani- 
fested such  an  ability  to  meet  the  problems  of  his  profession,  such 
singular  power  to  deal  with  men,  and  such  loyalty  to  his  company, 
that  he  received  the  confidence  not  only  of  his  superior  officers, 
but  also  of  the  men  that  were  under  his  control;  and  he  was  looked 
upon  by  railroad  men  everywhere  as  one  of  the  brightest  men  in 
the  profession. 

About  a  year  ago  he  was  selected  to  go  to  Chicago  to  represent 
tHc  Pennsylvania  Railroad  interests  at  the  World's  Fair,  and  a 
large  share  of  the  success  of  that  feature  belongs  to  him.     He  was 
chosen  as  one  of  the  Jury  of  Awards  in  the  Transportation  Depart- 
ment of  the  Fair.      At  the  close  of  the  Fair  he  was  promoted  to  the 
position  of  Assistant  to  the  General  Manager  of  the  Pennsylvania 
Lines  West  of  Pittsburg.     The  next  step  would  have  been  to  that 
of  one  of  the  vice-presidents  of  the  road,  and  there  is  no  doubt  but 
.  that  he  would  have  occupied  that  place  in  the  near  future. 

The  following  extract  from  the  report  of  the  President  of  the 
^.  R.  R.  will  show  the  estimate  that  was  put  upon  him  by  those  who 
were  associated  with  him  in  his  work. 

''While  engaged  in  the  preparation  of  this  report,  death  has 
^gain  deprived  the  company  of  the  services  of  one  of  its  most  prom- 
ising and  valuable  officers,  Mr.  Edward  B.  Wall,  who,  on  March  i, 
i%,was  appointed  Assistant  to  the  First  Vice-President,  and  trans- 
ferred to  Chicago,  with  the  general  supervision  of  traffic  questions 
arising  at  that  point,  and  particularly  in  connection  with  the  Col- 
umbian Exposition.  This  office  having  been  abolished  in  January, 
1894,  Mr.  Wall  was  appointed  Assistant  to  the  General  Manager, 
w^ilh  special  supervision  of  the  operations  of  the  Purchasing  Depart- 
ment. His  long  connection  with  the  Motive  Power  Department 
and  general  knowledge  of  transportation  had  thoroughly  fitted  him 
for  discharge  of  responsible  duties,  and  his  sudden  death,  on  April 
I,  has  entailed  on  our  company  a  loss  which  cannot  be  too  highly 
regretted.  "  By  order  of  the  Board, 

*'G.  B.  Roberts,  Prcsidentr 
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In  addition  to  his  work  with  the  Pennsylvania  Railroad,  Mr. 
Wall  was  often  called  upon  as  an  expert  on  mechanical  questions, 
and  was  prominently  identified  with  other  organizations  in  the  line 
of  his  profession.  He  was  for  a  number  of  years  President  of  the 
Master  Car  Builders'  Association,  and  an  active  member  of  the 
Society  of  Mechanical  Engineers. 

He  always  took  a  lively  interest  in  his  Alma  Mater^  and  year 
after  year  assisted  its  young  graduates  in  obtaining  positions  in 
which  they  could  start  on  their  engineering  career,  and  many  of 
them  have  justified  the  wisdom  of  his  selection. 

He  was  President  of  the  Alumni  Association  of  the  Stevens 
Institute,  and  was  the  representative  of  the  Alumni  on  the  Board  of 
Trustees  of  the  Institute  at  the  time  of  his  death. 

The  esteem  in  which  he  was  held  by  his  associates  was  mani- 
fested at  his  funeral.  The  shops  all  over  the  system  were  closed, 
and  the  general  offices  in  Columbus;  the  honorary  pail-bearers 
were  the  Vice-Presidents  and  general  officers  of  the  railroad, 
and  the  actual  pall-bearers  were  the  Superintendent  of  Motive 
Power  and  the  Master  Mechanics  of  the  Pennsylvania  Lines  West 
of  Pittsburg. 

Although  it  had  been  requested  that  no  flowers  be  sent,  there 
were  some  of  his  subordinates  that  insisted  upon  thus  testifying  their 
regard.  From  the  Brotherhood  of  Locomotive  Engineers,  an 
organization  supposed  to  be  antagonistic  to  their  superior  officers, 
came  a  large  floral  keystone,  the  emblem  of  the  company,  on  which, 
in  purple  violets,  was  the  significant  legend: 

"  Pennsylvania  Lines, 
"  Apprentice  1876. 

"Assistant  to 
"  General  Manager 
''  1894." 
It  condensed  in  four  lines  the  lesson  of  his  life  to  every  man 
on  the  road. 
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In  June,  1891,  Mr.  Wall  married  Fannie,  daughter  of  Gen. 

John  G.  Mitchell,  of  Columbus,  Ohio. 

She  died  in  August,  1893,  leaving  a  son,  Edward  Barry  Wall, 

surviving  her.     His  brief  married  life  was  an  ideally  happy  one. 
Much  of  Mr.  Wall's  success  and  rapid  promotion  was  due  not 

merely  to  his  intellectual  ability,  but  to  those  qualities  of  heart  and 

mind  which  are  summed  up  in  the  word  character. 

The  old  Roman  motto,  ^^  Humani  nihil  alienumy*  was  never 

better  exemplified  in  human  character  than  it  was  in  his.     He  was 

in  touch  with  every  man  that  he  met,  from  the  highest  to  the  lowest. 

Two  instances,  among  many,  will  serve  to  illustrate  this.  While  he 
was  in  Altoona,  just  starting  in  his  apprentice  career,  a  young  man 
was  tried  and  convicted  of  a  crime,  and  sentenced  to  a  term  in 
State's  prison.  Something  in  the  testimony  appealed  to  Mr.  Wall 
as  indicating  that  the  man  was  not  so  great  a  criminal  as  the  judg- 
ment of  the  court  would  imply,  and  he  determined  to  reach  out  to 
him  a  helping  hand.  And,  so  three  times  a  week,  he  went  down  to 
that  man's  cell  and  taught  him  arithmetic  and  American  history. 
He  brought  him  out  of  that  cell  feeling  that  a  man  of  character  and 
position  had  cared  for  him  and  when  "  he  was  in  prison  had  visited 
him."  Years  afterward  the  man  whose  life  he  had  redeemed  sent 
him  a  large  seal  ring,  a  signet  attesting  the  words  "  forasmuch  as 
you  have  done  it  unto  one  of  these  you  have  done  it  unto  me." 
One  of  the  officers  of  the  road,  speaking  of  this  characteristic,  said: 
"^Vhen  Wall  and  myself  went  around  on  a  tour  of  inspection  I 
would  nod  to  the  men;  but  I  remember,  last  week,  an  old  switch- 
tenderto  whom  I  had  nodded,  he  touched  his  hat  and  I  passed  on. 
But  Wall  stopped,  and,  in  his  hearty  way,  said,  *  Well,  how  are  you 
getting  along  now?*  The  old  switch-tender  stepped  forward,  told 
him  how  he  and  his  family  were,  and  took  to  him,  as  if  he  felt  him 
to  be  his  friend.'' 

This  feeling  was  not  assumed,  but  with  every  one  with  whom 
became  in  contact  he  felt,  and  had  the  rare  gift  of  showing  that  he 
felt,  that  there  was  a  tie  between  them.     His  gift  of  humor,  kindly 
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and  genial,  void  of  any  satire  or  cynicism,  was  often  the  magic 
wand  with  which  he  found  the  solution  of  a  trying  situation.  Men 
came  to  him  full  of  their  grievances,  in  arms  against  what  they  con- 
ceived to  be  his  antagonistic  position  toward  them.  He  heard 
their  grievances,  giving  them  full  opportunity  to  state  their  case, 
and  then  solved  the  whole  question  with  a  joke  that  sent  them 
away  in  good  humor.  To  those  who  knew  him  best  this  quality  of 
his  lent  a  great  charm  to  his  conversation.  Under  his  genial  in- 
fluence men  showed  their  inner  selves  and  furnished  him  with  a 
fund  of  anecdote  illustrating  life  and  character. 

This  is  the  lesson  of  his  life  to  young  men:  Power  lies  not  in 
place  or  position  by  which  the  world  measures  success,  but  in 
character;  and  of  all  qualities  of  character,  "  the  greatest  of  these 
is  love." 
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RESOLUTIONS    ON     THE   DEATH    OF    EDWARD    B.    WALL,  ADOPTED    BY 
THE    EXECUTIVE   COMMITTEE   OF    STEVENS    ALUMNI 

ASSOCIATION. 

The  Executive  Committee  of  the  Alumni  Association  of  the 
Stevens  Institute  of  Technology,  unanimously  adopted  the  follow- 
ing set  of  resolutions  on  the  death  of  ex-President  of  the  Alumni 
Association  and  Alumni  Trustee,  Edward  Barry  Wall,  of  the 
class  of  '76 : 

**  Whereas^  It  has  pleased  Almighty  God,  in  his  Divine  Wis- 
dom, to  call  from  our  midst  our  honored  and  highly  respected 
member,  Edward  Barry  Wall,  whose  sterling  worth  not  only 
endeared  him  to  all  of  us,  but  inspired  us  with  feelings  of  admira- 
tion and  esteem;  and 

"  Whereas^  Since  we  feel  our  loss  deeply,  we  wish  to  place  on 
record  our  appreciation  of  the  virtues  and  amiable  qualities  of  a 
true  and  genial  companion,  a  zealous  and  able  member  of  the  en- 
gineering profession,  and  one  who  always  manifested  the  greatest 
interest  in  the  welfare  of  our  Association;  therefore  be  it 

'' Resolved y  That  while  testifying  to  his  honorable  record  as  a 
nian  and  his  valuable  work  as  an  engineer,  we  deeply  deplore  his 
premature  and  sudden  death,  and  extend  our  heartfelt  sympathy 
^nd  condolence  to  his  bereaved  family,  though  knowing  full  well 
that  words  do  not  truly  express  the  respect  and  esteem  which  were 
accorded  to  our  deceased  friend  and  professional  brother  by  all 
^ho  knew  him;  and  be  it 

'^Resolved,  That  as  a  mark  of  esteem  these  resolutions  be  spread 
on  the  minutes  of  the  Alumni  Association  and  printed  in  Thk 
Stevens  Indicator;  also  that  copies  of  them  be  transmitted  to 
his  sorrowing  family,  and  to  the  Board  of  Trustees  of  the  Stevens 
Institute  of  Technology." 

H.  Van  Atta,  President. 

» 
P.  E.  Ra(jue,  Corresponding^  Secretary. 


MIDWINTER  MEETING  OF  THE  ALUMNI  ASSOCIATION. 


THE  midwinter  meeting  of  the  Alumni  Association  was  held  in 
the  School  Lecture  Hall  on  February  20,  and  was  called  to 
order  by  the  President,  Mr.  Van  Atta. 

The  minutes  of  the  previous  meeting,  at  which  the  new  Consti- 
tution had  been  adopted,  were  read,  and  upon  motion  duly  made 
and  seconded,  were  unanimously  approved. 

The  Treasurer  of  the  Association,  Professor  Bristol,  reported 
that  the  funds  in  hand  exceeded  $1,200. 

Professor  Riesenberger,  Acting  Treasurer  of  the  Alumni 
Building  Fund,  reported  the  amount  of  the  fund,  including  interest, 
as  $9,400. 

Mr.  Van  Atta,  as  Chairman  of  the  Executive  Committee,  re- 
ported that  the  affairs  of  the  Association  were  in  excellent  shape. 

These  reports,  upon  motion  duly  made  and  seconded,  were 
accepted. 

The  President  then  announced  that  the  principal  object  of  the 
meeting  was  social  enjoyment,  and  that  in  furtherance  of  this  aim 
it  became  his  pleasing  duty  to  call  upon  members  for  addresses  on 
subjects  of  interest  to  all.  He  called  upon  Mr.  A.  R.  Wolff,  '76,  to 
speak  of  "Stevens  at  the  World's  Fair."  Mr.  Wolff  endeavored  to 
convince  the  meeting  that  he  was  so  closely  occupied  in  the  exami- 
nation of  exhibits,  during  his  ten  days*  stay  at  the  Fair,  that  he  did 
not  see  anybody,  not  even  Stevens  Alumni,  but  casually  remarked, 
that  during  the  hours  spent  with  his  friend  Denton  in  the  Midway 
Plaisance,  they  thought  they  recognized,  in  the  streets  of  Cairo,  the 
worthy  President  of  the  Association. 

Dr.  Morton,  in  explaining  '*  Why  Stevens  had  no  Authorized 
Representation  at  the  Fair,"  stated  that  the  product  of  the  Institute 
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is  engineers,  and  that  to  gather  the  graduates  from  all  parts  of  the 
known  world,  in  camp  at  Chicago,  was  impracticable.  The 
influence  of  Stevens  graduates  was  evident  throughout  the  Fair,  in 
the  exhibits  and  in  the  work  of  the  important  committees. 

Mr.  E.  B.  Wall  was  asked  to  speak  of  ''Lubrication,*'  and 
replied  that,  generally  speaking,  the  difference  in  results  following 
the  use  of  various  brands  of  lubricants  was  due  to  the  men  using 
them  rather  than  to  qualities  of  the  oils  employed;  adding,  in 
lighter  vein,  that  lubrication  had  been  known  to  work  wonders  in 
overcoming  imposing  obstructions  to  great  enterprises. 

Professor  Wood,  speaking  to  "  Stevens  at  the  Next  World's 
Fair,"  alluded  to  possible  achievements  in  the  future,  and  predicted 
a  distinguished  pre-eminence  for  Stevens  men  in  those  days. 

"  Peculiarities  of  Stevens  Graduates  '*  was  handled  in  happy 
vein  by  Professor  Denton,  who  was  frequently  interrupted  by  bursts 
of  laughter  and  applause. 

The  speeches  were  interspersed  with  music  by  the  Glee,  Man- 
dolin, and  Banjo  Clubs  of  the  Institute,  who  were  present  by  in- 
vitation,  and  whose  selections  were  highly  appreciated.  At  the 
close  Mr.  Wall,  in  moving  a  vole  of  thanks  to  the  musical  societies, 
stated  that  the  rendering  of  the  song  "  Mechanical  Engineer  *'  re- 
"^inded  him,  and  doubtless  many  more  present,  of  happy  times 
twenty  years  ago,  and  asked  that  it  be  sung  again  and  that  all  join 
>n  the  chorus.  It  was  done  with  a  will;  and  lips,  strange  to  the 
tune  for  nearly  a  generation,  caught  up  the  refrain,  and  sang  to  a 
close  the  formal  part  of  this  meeting  of  Mechanical  Engineers. 

Under  Professor  Bristol's  supervision,  well-laden  tables  were 
then  wheeled  into  the  hall,  and  groups  of  friends,  some  long  parted, 
discussed  at  the  same  time  their  varied  fortunes  and  an  appetizing 
collation. 
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LIST  OF  MEMBBRS  IN  ATTINDANCE. 


«« 


»« 


t « 


«« 


President  Henry  Morton. 
Prof.  Dc  Volson  Wood. 
••     A.  R.  Leeds. 
••     C.  F.  Kroeh. 
••     J.  E.  Denton,  '75. 
••     W.  E.  Geyer.  '77. 
Ass't  Prof.  A.  Riesenberger.  '76. 
W.  H.  Bristol.  '84. 
D.  S.  Jacobus,  '84. 
S.  D.  Graydon,  '75. 
Robt.  M.  Anderson,  '87. 
A.  Sorge,  '75. 
G.  C.  Henning,  '76. 
Wm.  Kent,  '76. 
P.  E.  Raqu6,  '76. 
A.  P.  Trautweln,  '76. 
A.  R.  Wolff,  '76. 

E.  B.  Wall.  '76. 

A.  G.  Brinkerhoff,  '77. 

F.  E.  Idell,  '77. 

R.  S.  Kursheedt,  '80. 

D.  Woodman,  '80. 
R.  Dixon,  *8i. 

H.  Van  Atta, '81. 

F.  E.  Fraentzel,  '83. 
M.  McNaughton.  '83. 
W.  L.  Lyall,  '84. 
W.  S.  Tuttle,  '84. 

E.  Burhorn,  '85. 
R.  Norris,  '85. 
J.  H.  Bates.  '87. 
J.  H.  Cuntz,  '87. 
W.  S.  Dix.  '87. 
J.  D.  Flack.  '87. 

F.  Moeller.  '87. 

A.  H.  Schlessinger.  '87. 
H.  A.  Bang,  'S8. 
R.  Beyer.  '88. 

G.  Campbell,  '83. 

G.  Dinkel.  '%^. 
P.  Doty,  '88. 

S.  V.  Hoffman,  'SB. 

G.  L. 


J.  V.  L.  Pierson.  *88. 
F.  Uhlenhaut.  '88. 
H.  S.  Wynkoop,  '88. 
W.  B.  Yereance.  '88. 
L.  B.  Bonnet,  '89. 
J.  Eastwood,  '89. 
W.  W.  Jackson,  '89. 
P.  C.  Graupner.  '89. 
F.  Gubleman.  '89. 
W.  M.  Hill,  '89. 
W.  D.  Hoxie,  '89. 
R.  C.  Olyphant,  '89. 
J.  R.  Onderdonk,  '89. 
W.  M.  Farrar,  '90. 
E.  W.  Frazar,  '90. 

D.  C.  Harvey,  '90. 

E.  H.  Peabody,  '90. 
S.  F.  Smith,  '90. 

E.  H.  Whitlock.  '90. 
W.  S.  Ackerman,  '91. 
A.  P.  Boiler,  '91. 

A.  Dow,  *9i. 

L.  H.  Nettleton,  '91. 

A.  Post.  '91. 

H.  W.  Smith,  '91. 

A.  R.  Hake.  '92. 
H.  W.  Jackson,  '92. 
H.  Harrison.  '92. 

F.  E.  Law.  *92. 
H.  D.  Reed.  '92. 

F.  L.  Waefelaer.  '92. 
O.  C.  Whitney.  '92. 
H.  H.  Adams,  '93. 

B.  G.  Braine,  '93. 

A.  G.  Brookfield,  '93. 
O.  G.  Dale,  '93. 
F.  D.  Furman,  '93. 
W.  Hunter,  '93. 
H.  Kopp.  '93. 
T.  S.  Leon  hard,  '93. 
E.  D.  Lewis,  '93. 
M.  O.  Slocum,  '93. 
Wall,  '93- 
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MEMBERS  OF  THE   MUSICAL  SOCIETIES   PRESENT. 

•q4  H.  D.  Coleman.  *95  F.  N.  MacVeety. 

E.  B.  Gallaher.  F.  N.  Taff. 

J.  W.  Gilmore.  '96  F.  M.  Ben  net. 

E.  Guade.  R.  E.  Bruckner. 

R.  E.  Hall.  E.  Campbell. 

A.  Kollstede.  J.  P.  Evertz. 

E.  D.  Mathey.  G.  Kollstede. 

W.  D.  Pierson.  H.  C.  Messimer. 

W.  E.  Shoemaker.  P.  D.  Wagoner. 

R.  W.  Smith.  '97  H.  C.  Mathey. 
'95  D.  D.  Bamum.  R.  L.  Messimer. 

S.  Cooper.  A.  M.  Orr,  Jr. 

E.  M.  Harrison.  A.  de  Los  Smith. 


ATHLETICS. 


The  annual  meeting  of  the  Intercollegiate  Athletic  Association  was 
held  at  the  Fifth  Avenue  Hotel,  New  York,  on  Saturday,  February  24. 
The  colleges  represented  were  Amherst,  Brown,  C.  C.  N.  Y.,  Columbia, 
Cornell,  Fordham,  Georgetown,  Harvard,  Lafayette,  University  of  the 
City  of  New  York,  Princeton.  Rutgers,  Stevens,  Swarthmore,  Union, 
University  of  Pennsylvania.  Wesleyan,  and  Yale.  The  delegates  from 
Stevens  were  Messrs.  G.  S.  Montgomery  and  A.  C.  Sumner. 

The  report  of  the  Treasurer  for  the  past  year  gave  for  the  year's 
receipts,  $5,025.92;  expenditures.  $3,614.89.  The  balance,  $1,411.03,  will 
be  equally  divided  among  those  colleges  which  sent  competitors  to  last 
year's  game. 

It  was  decided  to  hold  future  bicycle  races  under  the  rules  of  the 
League  of  American  Wheelmen,  and  the  weight  of  the  16-pound  hammer 
was  reduced  so  that  the  handle  and  sphere  together  shall  weigh  only  16 
pounds.  Owing  to  the  games  being  heretofore  prolonged  to  such  a  late 
hour,  it  was  decided  to  hold  the  first  heat  of  the  440-yard  run  in  the  morn- 
ing, and  also  the  field  contests,  until  the  competitors  are  reduced  to  five  in 
each  event. 

The  following  officers  were  elected  :  President,  W.  H.  Wheelright. 
Harvard;  Vice-President,  Mr.  Bond,  Swarthmore;  Secretary.  D.  P. 
Andrews,  Cornell;  Treasurer,  L.  Tracy,  Fordham.  Executive  Committee: 
Wade,  Yale;  Mackey.  U.  P.;  Runquist,  C.  C.  N.  Y.;  Crossett,  U.  N.  Y. 

LACROSSE. 

The  annual  meeting  of  the  Intercollegiate  Lacrosse  Association  was 
held  at  the  Lafayette  Hotel,  Philadelphia,  on  Saturday,  February  24.  In 
the  absence  of  President  Penniman,  of  Johns  Hopkins,  Mr.  Corbett,  of 
Stevens,  presided. 

The  delegates  from  Lehigh  were  Messrs.  Buell  and  Ordway;  from  Johns 
Hopkins,  Messrs.  Cameron  and  Plaisance;  from  Stevens,  Messrs.  Corbett, 
Kellogg,  and  Hall.  The  championship  banner  for  1893  was  awarded  to 
Lehigh.  The  rule  forbidding  spikes  on  shoes  was  amended  to  read:  "  No 
metal  strip  or  spike."  An  effort  of  Johns  Hopkins  to  reduce  the  size  of  the 
ball  used  was  defeated,  on  the  ground  that  the  ball  being  so  small  already 
any  reduction  would  make  it  less  easily  seen.  Running  the  guard  over 
the  top  of  the  stick  was  allowed,  it  being  understood  that  no  pocket  is  to 
be  made. 

Stevens  vs.  Johns  Hopkins,  at  Hoboken,  May  12.  The  schedule  of 
games  was  arranged  as  follows: 

Hopkins  vs,  Lehigh,  at  Baltimore,  May  18. 

Stevens  vs.  Lehigh,  at  Bethlehem,  May  30. 
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The  ofiBcers  for  the  ensuing  year  are:  President,  Ordway,  of  Lehigh; 
Vice-President.  Cameron,  of  Johns  Hopkins;  Secretary.  Corbett.  of  Stevens; 
Executive  Committee:  Hall,  of  Stevens;  Coleman,  of  Lehigh;  Plaisance. 
of  Johns  Hopkins. 

Kingsley  L.  Martin,  Captain  of  the  championship  team  of  1892.  is 
writing  a  series  of  articles  on  lacrosse  for  the  Stevens  Life,  which  will 
undoubtedly  prove  instructive,  especially  to  new  players. 

Arrangements  are  being  made  for  several  games  in  and  about  Ho- 
boken,  the  first  of  which  will  occur  during  the  second  week  in  April. 

FIELD   GAMES. 

Preparatory  to  the  joint  games  with  Rutgers,  field  games  will  be  held 
at  the  Hoboken  grounds  two  or  three  weeks  in  advance.  From  among  the 
men  entered  in  these  games  the  teams  for  the  Rutgers  games  and  the  In- 
tercollegiate games  will  be  selected.  In  order  to  stimulate  interest,  medals 
will  be  given  to  the  winners,  and  the  Stevens  Life  will  award  a  banner 
to  the  class  scoring  the  greatest  number  of  points. 

BASKET  BALL. 

A  Basket  Ball  team  was  organized  early  in  the  winter  term  to  play 
with  the  team  of  the  Orange  Athletic  Club.  The  first  game  was  played 
in  the  tennis  building  of  that  club  on  Saturaday  evening.  February  10. 
The  game  is  similar  to  lacrosse,  each  team  guarding  a  basket  or  net  into 
which  it  is  the  object  of  their  opponents  to  throw  a  foot-ball.  Tackling 
and  running  with  or  kicking  the  ball  are  not  allowed.  Stevens  defeated 
Orange  with  the  score:  Stevens,  4;  Orange,  o.  The  teams  lined  up  as 
follows: 

Stevens.  Orange. 

Coyne Goal Vaughan. 

Kemble Point Doldt. 

C^^rbett Cover  point Hiscoe. 

Maynard First  defense Lloyd. 

C^niing Center Munn. 

Kellogg First  attack Wallis. 

fielder Outside  home Gibson. 

^acCord Inside  home Taylor. 


L 


INSTITUTE  NOTES. 


At  the  convocation  of  Queen's  University,  Kingston,  Ontario,  on 
April  25,  1894,  the  degree  of  LL.  D.  was  conferred  upon  Charles  Mac- 
donald.  Trustee  of  Stevens  Institute,  and  Vice-President  American  Society 
of  Civil  Engineers,  also  upon  His  Excellency  the  Governor-General  of 
Canada,  the  Earl  of  Aberdeen,  upon  the  Honorable  Joly  de  Lobiniere, 
ex-Prime  Minister  of  Quebec,  and  upon  the  President  of  Toronto 
University. 

Professor  Williamson,  in  presenting  Mr.  Macdonald,  said: 

*'  Mr.  Macdonald  is  a  Canadian  by  birth,  being  the  lineal  descendant 
of  Joel  Stone,  the  founder,  and  of  Charles  Macdonald.  who  largely  shared 
in  the  early  upbuilding  of  Gananoque,  now  the  busy  seat  of  varied  manu- 
facturing industries. 

*'  His  early  education  was  derived  chieHy  from  the  grammar  school, 
then  an  adjunct  to  Queen's  University,  of  which  two  of  his  younger 
brothers  became  graduates.  After  a  brief  attendance  at  a  private  in- 
struction in  the  principles  of  engineering  with  one  of  its  professors,  and 
some  preliminary  experience  as  an  assistant  in  the  surveys  then  beg^n 
for  the  Grand  Trunk  Railway,  he  entered  upon  his  professional  course  of 
three  years  in  the  Rensselaer  Technical  Institute,  Troy,  in  the  State  of 
New  York,  and  was  graduated  from  that  institution  as  Civil  Engineer.  He 
has  since  devoted  himself  chiefly  to  the  laying  out  of  railways  and  more 
particularly  to  the  construction  of  railway  bridges,  very  many  of  which 
have  been  built  from  his  skillful  designs  and  under  his  superintendence. 
Among  his  other  works,  he  is  distinguished  as  the  successful  designer, 
against  a  number  of  competitors  from  other  countries,  of  a  bridge  over  the 
river  Hawkesbury,  in  Australia,  which  he  built  for  the  Government  of 
New  South  Wales,  and  which  is  specially  remarkable  as  being  constructed 
on  deeper  foundations  than  any  other  in  the  world. 

**  He  is  now  engaged  in  a  project  for  bridging  the  Hudson  River  at 
New  York,  involving  a  span  of  2,200  feet." 

The  Chancellor,  Mr.  Sandford  Fleming,  in  announcing  the  degree, 
remarked  that  he  had  passed  over  the  Hawkesbury  bridge  a  few  months 
ago,  little  thinking  that  he  should  soon  have  so  agreeable  a  duty  to 
perform. 

In  reply  Mr.  Macdonald  said  : 

'''Mr.  Chancellor^  Ladies  and  Gentlemen: 

^  accept  the  degree  of  Doctor  of  Laws,  with  which  I  have  been  invested 
■sen's  University,  with  a  profound  sense  of  appreciation  of  the  honor 
^d  upon  me. 
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But,  Sir,  I  should  be  wanting  in  the  coromonest  feelings  of  gratitude 
were  I  to  fail  at  this  time  to  make  full  and  frank  acknowledgment  of  my 
indebtedness  to  the  institution  which  has  thus  honored  me,  for  an  early 
training,  which  has  been  the  foundation  upon  which  I  have  ever  since 
been  endeavoring  to  erect  a  superstructure  wherewith  to  bridge  over  the 
varying  complications  of  a  busy  life. 

If  I  have  been  in  any  measure  successful  in  this,  the  credit  is  largely 
due  to  the  unyielding  character  of  that  foundation,  which  was  composed  of 
carefully-selected  materials,  laid  on  in  regular  courses,  and  thoroughly 
well  hammered  in. 

I  was  one  of  the  first  students  at  the  preparatory  school,  adjoining 
what  was  then  called  Queen's  College.  occup3ring  very  unpretentious 
baildings  at  the  comer  of  William  and  Barry  Streets,  known  as  Lot  24 — 
and  a  very  bad  lot  it  was  in  the  latter  forties. 

The  Head  Master  of  the  school  was  the  late  Rev.  John  Campbell,  one 
of  the  early  graduates  of  Queen's. 

Of  the  professors  then  in  control,  the  only  one  now  remaining,  I  believe. 
is  the  perennial  Dr.  Williamson,  who  then,  as  now,  ruled  supreme  in 
mathematics,  and  is  ever  the  enthusiastic  investigator  and  lucid  inter- 
inreter  of  the  laws  which  Nature  has  established  for  the  governance  of  the 
wiiverse. 

These  were  the  infant  days  of  a  university  which  to>day  has  attained 
so  exalted  a  position  among  the  institutions  of  learning  throughout  all 
this  land. 

Well  may  the  worthy  men  who  have  labored  diligently  and  so  well  to 
bring  about  this  result  feel  gratified  with  their  work. 

Well  may  the  people  of  the  Dominion  represented  by  your  Excellency 
the  Governor-General,  gladly  join  in  doing  honor  to  Queen's  University. 
But,  above  all,  should  her  children,  whether  here  in  exuberant  presence, 
or  scattered  abroad  over  the  four  quarters  of  the  globe,  rejoice  to  be  able 
to  renew  again  and  again  the  assurance  of  their  loyaltv  and  of  their  de- 
votion to  the  mother  who  gave  them  intellectual  birth." 

Professor  Krceh  read  a  paper  upon  "  How  Shall  We  Learn  Modern 
Languages?"  at  the  Educational  Conference  held  under  the  auspices  of  the 
Committee  on  Education  of  the  New  York  yearly  meeting  of  the  Religious 
Society  of  Friends  in  New  York  City  on  March  17, 1894.  The  author  main- 
tained that  the  only  proper  basis  of  elementary  instruction  in  modern 
language  is  spoken  language.  The  discussion  of  the  paper  was  opened  by 
I^r.  E.  H.  Magill.  of  Swarthmore  College. 

The  Franklin  Institute,  Philadelphia,  has  recently  awarded  the 
Edward  Longstreth  Medal  of  Merit  to  Professor  Bristol  for  his"  Recording 
Gauge  for  Extremely  Low  Pressures."  Accompanying  the  medal  is  a 
report  in  which  the  committee  states  that:  **The  Institute,  through  a  sub- 
^mmittee  appointed  for  the  purpose,  has  carefully  tested  the  sample  gauge 
submitted  to  them,  in  comparison  with  a  U-tube  water  fi:auge,  and  finds  it 
extremely  sensitive  and  promptly  and  freely  responsive  to  all  changes  of 
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pressure.  The  recording  arrangement  is  very  simple,  easily  adjusted,  and 
performs  its  functions  satisfactorily.*'  A  series  of  comparative  tests  with 
the  water  gauge  gave  readings  showing  '  *  a  degree  of  accuracy  which  is 
quite  remarkable,  when  the  stiffness  of  metallic. plates  is  compared  with 
the  perfect  mobility  of  water.  The  gauge  therefore  seems  to  he  perfectly 
adapted  to  the  recording  of  very  low  pressures." 

(Signed  by)       Joseph  W.  Wilson,  President, 

William  H.  Wahl,  Secretary, 

A  PAPER  has  been  prepared  for  presentation  at  the  Montreal  meeting 
of  the  American  Society  of  Mechanical  Engineers  by  Professors  Denton 
and  Jacobus,  and  R.  H.  Rice.  '85,  on  results  of  experimental  measurement 
of  the  1,600  horse-power  cross-compound  engine  at  the  mill  of  the  Bristol 
Manufacturing  Company,  New  Bedford,  Mass.  It  will  constitute  an  im- 
portant contribution  to  the  vexed  question  of  the  value  of  the  steam 
jacket  on  Corliss  mill  engines. 

Among  the  tests  recently  engaging  the  attention  of  the  Department 
of  Tests  have  been  an  elaborate  investigation  of  the  cost  of  operating 
street  cars  with  Waddell  storage  batteries  on  Second  Avenue,  New  York; 
also  an  economy  test  of  a  plant  of  2,000  horse-power  of  Manning  boilers  at 
the  Bristol  Manufacturing  Company's  mill  at  New  Bedford,  Mass.,  under- 
taken for  the  maker,  the  Bigelow  Manufacturing  Company,  of  New 
Haven,  Conn.  The  latter  test  covered  the  performance  of  the  boilers, 
both  with  bituminous  coal  and  anthracite,  over  a  wide  range  in  capacity, 
and  at  boiler  pressures  of  125  to  150  pounds. 

Professor  Denton  has  of  late  been  conducting  a  series  of  experiments 
with  a  view  to  securing  reliable  data  for  the  solution  of  the  problem  of 
securing  a  large  increase  of  speed  in  ferry  boats  for  the  New  York  and 
Staten  Island  Ferry. 

They  involve  tests  of  the  screw  boats  '*  Bremen  "  and  **  Netherland," 
and  of  the  feathering  paddle  boat,  •*  Robert  Garrett,"  in  ferry  service  and 
over  a  measured  distance,  also  under  a  variety  of  conditions.  Among  the 
data  thus  obtained  is  the  difference  in  efficiency  of  a  feathering  paddle 
wheel  when  in  forward  and  in  back  action,  which  had  never  before  been 
determined. 

Professor  Jacobus  has  investigated  the  influence  of  compression  on 
the  water  consumption  in  a  50  horse-power,  single,  non-condensing  Ball  & 
Wood  engine,  located  at  the  Institute  for  the  purpose  of  experiments. 
These  are,  we  believe,  the  first  measurements  on  the  influence  of  this 
factor  on  the  distribution  of  steam  that  have  ever  been  made,  and  the  re- 
sults will  be  presented  by  Professor  Jacobus  at  the  June  meeting  of  the 
American  Society  of  Mechanical  Engineers. 

The  relative  heating  efficiency  per  square  foot  of  surface  in  "ex- 
tended surface  "  and  in  '*  plain  surface  "  radiators  has  been  a  recent  sub- 
ject of  investigation  by  the  Department  of  Tests,  comparative  tests  of  the 
two  classes  of  surfaces  being  involved. 
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The  American  Meter  Company  has  forwarded  a  cubic  foot  bottle  to 
the  Department  of  Tests  for  accurate  calibration .  The  work  is  being  done 
in  the  '*  even  temperature  room." 

Professor  Bristol  has  perfected  a  thermometer  and  pyrometer  for 
recordins:  temperatures  common  in  dry  kilns,  japanning  ovens,  etc.,  an 
account  of  which  will  be  submitted  in  a  paper  to  be  read  at  the  June  meet- 
ing of  the  Society  of  Mechanical  Engineers. 

Professor  Krceh  has  published  the  third  book,  •*  How  to  Think  in 
Spanish,"  in  his  series  on  the  **  Living  Method"  o£  learning  modem 
languages.  The  Method  has  excited  lively  interest  on  the  part  of  educa- 
tors, and  teachers  call  on  Professor  Krceh  at  the  Institute  to  note  its 
application  and  results. 

The  American  Railway  Master  Mechanics'  Association  has  published 
notice  that  there  will  be  two  scholarships  available  at  Stevens  Institute 
next  September,  to  which  sons  of  members  or  ot  deceased  members  are 

eligible. 

The  Department  of  Tests  has  recently  completed  a  series  of  tests  of 
two  forms  of  centrifugal  blowers.  In  these  tests  the  quantity  of  air  dis- 
charged was  determined  by  the  use  of  a  Pitot  tube,  as  well  as  by 
anemometer  readings.  The  results  obtained  by  the  two  methods  were 
found  to  agree  with  each  other. 

A  working  model  of  an  absorption  ammonia  refrigerating  machine 
has  been  constructed  for  the  use  of  stuaents  who  will  make  tests  upon  it 
during  the  Preliminary  Term.  In  this  machine  all  ammonia  joints  are 
sealed,  there  being  no  valve  packing  boxes  or  other  appliances  in  which 
leakage  of  ammonia  can  occur. 

The  most  marked  improvement  in  the  surroundings  of  the  Institute, 
since  the  erection  of  the  new  School  building,  has  resulted  from  the  re- 
nioval  of  the  fence,  this  spring,  from  around  the  college  grounds. 

Alow  bluestone  curb  has  been  substituted,  which  is  not  noticeable  at 
a  short  distance,  and  the  effect  of  the  change  is  to  apparently  make  the 
park  an  extension  of  the  Institute  grounds. 

The  Junior  Ball  was  held  at  the  Lenox  Lyceum  on  Friday,  April  6. 
The  committee,  comprising  Messrs.  Sumner,  Cuming,  Kemble,  Cooper, 
Stuart,  and  Taff,  worthily  merited  the  cordial  commendation  accorded 
them  for  their  excellent  arrangement  of  every  detail  of  decoration,  music, 
floor  management,  and  supper,  which  secured  a  delightful  evening  to  all 
who  participated  in  the  Junior  Ball  of  '94. 
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//  is  our  endeavor  to  notice  under  this  heading  such  items  of  news 
affecting  graduates  of  the  Institute  as  may  interest  their  classmates 
and  friends  among  the  Alumni.  We  are  indebted  to  a  few  members 
for  regular  or  frequent  contributions  of  items,  and  wish  to  make  it 
known  that  the  co-operation  of  all  is  most  desirable,  and  will  be 
appreciated.  Managing  Editor. 

'75. 
Adolpii  Sorge  has  removed  to  Chicago,  where  he  has  accepted  the 
position  of  Assistant  Superintendent  at  the  works  of  Eraser  &  Chalmers. 

'76. 
William  Kent's  address  is  Passaic,  N.  J. 

Eugene  Vail  was  one  of  the  American  exhibitors  at  the  Salon  of  the 
Champs  Elys^s  this  season. 

The  New  York  Herald  of  April  30  makes  the  following  mention  of  his 

picture: 

Mr.  Eugene  Vail,  who  was  born  in  France,  of  New  York  parents,  dis- 
plays a  landscape,  "  Soir  d'Automne  k  Etaples."  It  represents  the  bridge 
at  Etaples  on  an  autumn  evening.  Two  figures,  a  woman  and  a  child,  are 
slowly  returning  home  toward  the  village. 

'77. 
E.  A.  Uehling  recently  spent  several  weeks  in  New  York,  arranging 
for  the  manufacture  of  his  Pneumatic  Pyrometer,  which  is  fully  described 
in  this  number  of  the  Indicator,  wherewith  to  fill  orders  already  received 
from  the  Bethlehem  Iron  Company,  the  Sloss  Steel  and  Iron  Company, 
and  the  Poughkeepsie  Iron  Company,  and  in  prospect  from  other  prom- 
inent concerns.  He  will  soon  return  to  his  home  in  Birmingham,  Ala., 
but  contemplates  traveling  through  the  iron  regions  to  introduce  his  in- 
vention. The  following  notice  has  appeared  in  some  of  the  leading  tech- 
nical journals,  bearing  testimony  to  the  value  of  his  services  to  the  com- 
pany he  has  been  connected  with  for  the  past  three  years: 

••About  three  years  ago  Mr.  Uehling  took  charge  of  the  furnaces 
of  the  Sloss  Steel  and  Iron  Company,  of  Birmingham,  Ala.  (which  from 
various  causes  were  in  a  very  bad  shape),  with  the  view  of  reconstructing 
them  in  accordance  with  modem  practice.  This  work  has  been  at  last 
accomplished  by  dint  of  unremitting  labor,  and  Mr.  Uehling  now  retires 
with  the  highest  testimonials  from  the  Board  of  Managers.  The  office  of 
Furnace  Manager,  which  was  created  for  Mr.  Uehling's  occupancy,  has 
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been  annulled  on  his  retirement,  the  management  considering  that  their 
business  can  now  be  carried  on  without  such  expert  assistance." 

'78. 

J.  R.  Stephens  sailed  for  England  last  month  on  his  way  to  Johannes- 
burg, South  African  Republic,  where  he  will  take  charge  of  the  develop- 
ment of  mining  property.  His  address  is  care  of  Bamato  Brothers, 
Johannesburg,  South  African  Republic. 

'79. 
J.  H.  LoNGSTRKET  is  proprietor  of  the  Riverview  Iron  Works,  Borden- 
town,  N.  J. 

'81. 

Alexander  C.  Humphreys  has  resigned  his  position  as  General  Super- 
intendent of  the  United  Gas  Improvement  Company,  the  resignation  to 
take  effect  August  I.  and  intends  to  devote  some  months  in  England  to 
the  growing  interests  there  of  his  firm,  Humphreys  &  Glascow,  and  upon 
his  return  to  start  an  office  of  the  firm,  probably  in  New  York  City. 

The  announcement  of  Mr.  Humphreys'  action  comes  too  late  for  the 
full  notice  in  this  issue,  merited  by  an  event  of  so  great  interest  to  so  large 
a  number  of  Stevens  Alumni. 

The  July  Indicator  will  contain  an  account  of  matters  connected  with 
Mr.  Humphreys*  model  management  of  the  business  of  the  United  Gas  Im- 
provement Company,  which  the  occasion  has  caused  to  become  public, 
and  which  it  is  the  pleasing  province  of  this  journal  to  record. 

'82. 

Charles  W.  Scribner  is  Instructor  in  Mechanical  Engineering  in  the 
University  of  Pennsylvania,  Philadelphia,  Pa. 

•83. 
E.  DuQUE  EsTRAi»A  has  been  elected  to  [membership  in  the  American 
Society  of  Mechanical  Engineers. 

'84. 

James  S.  Alden,  whose  health  has  become  impaired,  is  traveling  in 

Florida. 

Dabney  H.  Maury,  Jr.,  is  Superintendent  of  the  Peoria  Water  Com- 
pany, Peoria,  111. 

Charles  F.  Parker  is  Engineer  for  Charles  W.  Clinton,  32  Nassau 
Street,  New  York  City. 

George  F.  Sandt  is  Secretary  and  Treasurer  of  the  Electrical  and 
Mechanical  Engineering  and  Trading  Company,  with  office  at  39-41 
Cortlandt  Street,  New  York  City. 

Kenneth  Torrance  has  been  promoted  from  Junior  to  full  member- 
ship in  the  American  Society  of  Mechanical  Engineers. 
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W.  H.  Wade  has  recently  completed  the  construction  of  a  2.000,000 
Lowe  water  gas  f^ant  for  the  city  of  Belfast.  Ireland.  Humphreys,  '81. 
&  Glasoow,  '85.  are  the  contractors. 

Chabjjcs  RrssELL  Collins  is  Inspector  of  Mannfactaring,  The  United 
Gas  Improvement  Company,  Drexel  Building.  Philadelphia,  Pa. 

WiLLLAjf  W.  Randolph  has  been  transferred  by  the  United  Gas  Im- 
provement Company  from  Des  Moines,  Iowa,  to  the  Philadelfrfiia  office, 
I>rezel  Building,  Philadelphia.  Pa. 

E.  D.  Self  delivered  an  address  in  April  before  the  New  York  Acad- 
emy of  Science,  upon  **  The  Utilization  of  Bassassachic  Falls,  Mexico,** 
which  will  be  printed  in  the  School  of  Mines  Quarterly  for  July. 

Mr.  Self  was  employed  to  report  upon  the  practicability  of  utilizing  the 
falls,  and  of  transmitting  the  power  a  distance  of  11  miles  for  mining 
operations,  which  involved  a  personal  inspection  and  measurement  of  the 
falls. 

James  H.  Bates  is  Assistant  Engineer  and  Draughtsman  for  C.  J. 
Bates  &  Co.,  126  Liberty  Street,  New  York  City. 

J.  A.  P.  Crisfield,  is  Superintendent  of  the  Mutual  Gas  Light  Com- 
pany. Savannah,  Ga.  This  company  is  controlled  by  the  United  Gas 
Improvement  Company,  of  Philadelphia. 

Joseph  A.  McElroy  is  Assistant  Engineer  in  the  Field  Engineering 
Company,  Central  Building,  New  York  City.  His  former  position  was 
that  of  draughtsman  in  the  same  company. 

GoRiKiN  Campbell  is  Purchasing  Agent  of  the  Consolidated  Traction 
Company,  Jersey  City,  N.  J. 

T.  A.  Van  der  Willigen  is  in  the  employ  of  Mr.  C.  L.  Strobel,  builder 
of  bridges,  turntables,  etc..  Home  Insurance  Building.  Chicago,  111. 

William  B.  Yereance  has  applied  for  membership  in  the  American 
Society  of  Mechaoical  Engineers. 

•89. 
David  H.  Gildersleeve  is  Mechanical  Engineer  for  the  Yaryan  Com- 
pany. Times  Building.  Xew  York  City. 

N.  HiLLEk.  In  the  interest  of  the  Hendrick  Manufacturing  Company. 
with  which  he  has  been  connected  since  his  g^raduation,  Mr.  Hiller,  in 
February,  undertook  for  a  year  the  management  at  Los  Angeles  of  the 
ice-making  plant  recently  completed  there  under  his  supervision. 

Georgk  G.  Plver  is  Special  Agent  for  the  Lancashire  Insurance  Com- 
lany.  New  York  City. 
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•qo. 

Charles  J.   Everett,  Jr.,  is  Manager  of  the  Lowville  Iron  Works 

Company,  manufacturers  of  centrifugal  pumps  and  paper  machinery,  and 

for  G.  W.  Renton,  successor  to  Turret  Valve  Company.     His  oflSce  is  in 

the  Havemeyer  Building,  Room  409.  26  Cortlandt  Street,  New  York  City. 

William  M.  Farrar's  address  is  624  East  Nineteenth  Street,  New  York 
City. 

D.  C.  Harvey  is  in  the  employ  of  the  New  York  Fidelity  and  Casualty 
Company. 

Harry  P.  Jones  is  in  the  frog,  switch,  and  signal  department  of  the 
Pennsylvania  Steel  Company,  Steelton,  Pa. 

E.  H.  Peabody,  formerly  draughtsman  for  the  Babcock  &  Wilcox 
Company.  29  Cortlandt  Street,  New  York  City,  is  now  in  the  testing  de- 
partment of  that  company. 

Frederic  Thuman  has  spent  the  past  year  in  Copenhagen,  London, 
Brassels,  and  Glasgow,  testing  Russian  petroleum  and  Scotch  shale  oils 
for  their  value  as  gas-making  oils  in  the  Lowe  apparatus. 

£.  H.  Whitlock  has  established  himself  as  consulting  engineer  at 
17s  Pitim  Street.  Cincinnati,  O. 

A.  R.  Whitney,  Jr.,  has  applied  for  Junior  membership  in  the  Ameri- 
can Society  of  Mechanical  Engineers. 

'91. 
A.  P.  Holler  is  assistant  to  the  New  York  representative  of  the  Snow 
Steam  Pump  Works,  106  Liberty  Street,  New  York  City. 

William  S.  Buvinger  is  Chief  Draughtsman  for  the  Thomas  Carlin's 
Engine  Works,  Allegheny,  Pa. 

Benjamin  W.  Carll  is  Special  Inspector  for  the  American  Insurance 
Company,  115  Broadway,  New  York  City. 

F.  L.  Joubert  is  connected  with  John  H.  Murphy's  Iron  Works,  New 
Orleans,  La. 

Fred.  A.  Mlschenheim  is  with  the  Western  Electric  Company,  Chi- 
cago. 111. 

J.  A.  Norcross  is  stationed  at  Glasgow,  Scotland,  in  the  interest  of 
Humphreys  &  Glascow. 

H.  W.  Smith  is  in  the  employ  of  the  Kinsman  Block  System  Company, 
Room  511  Central  Building,  corner  Liberty  and  West  Streets,  New  York 
City. 

].  T.  Wallis  is  in  the  shops  of  the  Pennsylvania  Railroad,  West  Phil- 
adelphia. Pa. 

'92. 

A.  J.  Post,  Jr.,  was  married  on  April  11  at  St.  Matthew's  Church, 
Jersey  City,  to  Miss  Mary  Abbett,  daughter  of  ex-Governor  Leon  Abbett. 
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H.  L.  Shepard,  with  George  Shepard  &  Son,  manufacturers  of  hatters* 
goods,  is  located  at  Bethel,  Conn. 

A.  Shiebler's  address  is  now  care  of  B.  P.  Sturtevant  Company,  135 
North  Third  Street,  Philadelphia,  Pa. 

Louis  Waefelaer,  Jr.,  is  with  Carl  H.  Schultz,  Mineral  Spring  Waters. 
430-440  First  Avenue,  New  York  City. 

•93. 
W.  B.  AxFORD  is  associated  with  his  father  under  the  firm  name  of  W. 
H.  Axford  &  Son,  heavy  building  contractors  and  engineers,  310  Eighth 
Street,  Jersey  City,  N.  J. 

Alvin  V.  BooDY  is  the  General  Assistant  in  the  Elmira  Illuminating 
Company,  Elmira,  N.  Y. 

A.  B.  Brookfield  is  in  the  employ  of  Baker  &  Co.,  Newark,  N.  J. 

Herbert  B.  Cook  is  with  the  Pencoyd  Iron  Works,  Pencoyd,  Pa. 

William  Y.  Dear  is  salesman  for  the  Jersey  City  Printing  Company, 
37  Montgomery  Street,  Jersey  City,  N.  J. 

James  A.  Goldsmith  is  in  the  employ  of  Hess,  Goldsmith  &  Co.,  silk 
manufacturers,  Paterson,  N.  J. 

Beattie  a.  Inglis  is  in  the  employ  of  the  Florida  Manufacturing  Com- 
pany and  of  the  Dunnellon  Phosphate  Company.  The  former  company's 
works  are  located  at  Madison,  Fla.,  and  the  latter  at  Rockwell,  Fla. 

George  Lloyd  Wall  is  with  the  Norwich  Union  Fire  Insurance 
Society,  New  York  City. 

A.  B.  Lord  is  employed  as  chemist  by  the  National  Lead  Company, 
at  the  factory  in  Brooklyn. 

Anson  G.  Wilbor,  sanitary  engineer,  has  his  office  in  Room  54, 
Tweddle  Building,  Albany,  N.  Y. 

special. 

D.  D.  A.  Outcalt  has  been  granted  letters  patent  for  an  improved 
automatic  electric  weighing  machine. 

H.  S.  Verley  at  the  close  of  the  second  term  returned  to  Jamaica, 
W.  I.,  where  his  parents  reside.  He  is  superintending  the  installation  of 
electric  plants  upon  the  island,  and  is  assisted  by  Gordon  M.  Maynard. 
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TESTS  OF  AUTOMATIC    FIRE   SPRINKLER    HEADS. 


BY    PROFESSOR    1).    S.    JACOBUS. 


ABOUT  ten  years  ago  the  New  York  Board  of  Fire  Underwriters 
submitted  several  automatic  fire  sprinkler  heads  to  President 
Morion  for  comparative  tests.  Since  that  time  all  the  sprinkler 
^cads,  and  systems  connected  with  the  same,  that  have  been  con- 
sidered by  the  Board  have  been  examined  by  President  Morton,  and 
It  has  been  the  pleasant  duty  of  the  writer  to  execute  the  tests  and 
prepare  reports  on  the  same. 

The  first  tests  were  much  less  complete  than  those  which  are 
"owmade,  for  the  reason  that  as  time  passed  on,  and  the  action  of 
^^e  sprinklers  could  be  noted  after  several  years  of  actual  service, 
various  defects  were  developed,  which  were  not  foreseen  or  antici- 
pated. The  present  tests  are  made  to  cover,  as  nearly  as  possible, 
all  those  features  in  which  defects  have  been  noticed,  and  for  this 
reason  are  much  more  elaborate,  and  the  requirements  of  a  success- 
ful head  are  much  more  severe  than  in  the  first  tests. 

The  object  of  this  paper  is  to  present  in  detail  the  tests  now 
niadeon  a  sprinkler  head,  and  to  describe  the  various  qualities 
^hich  a  reliable  head  should  possess. 

Before  describing  the  tests  it  will  be  well  to  consider  the  way  in 
^hich  sprinkler  heads  are  used: 
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There  are  two  classes  of  fire-extinguishing  systems  which  use 
automatic  sprinkler  heads,  one  called  the  **  dry-pipe,"  and  the 
other  the  "  wet-pipe  "  system.  In  a  dry-pipe  system  there  is  no 
water  in  the  pipes  to  which  the  sprinklers  are  attached  until  a 
sprinkler  head,  or  an  independent  plug  or  other  device,  is  released 
by  the  action  of  heat  so  as  to  operate  a  main  valve,  which  admits 
water  to  the  system  of  piping.  In  some  systems  the  compressed  air 
is  contained  m  the  main  system  of  piping,  and  is  released  by  the 
opening  of  one  or  more  of  the  sprinkler  heads.  In  another  system 
the  compressed  air  is  carried  in  a  separate  system  of  piping  of  small 
diameter,  from  which  it  is  released  in  case  of  fire  by  means  of 
special  fusible  plugs.  Still  another  method  which  has  been  used 
for  operating  the  main  valve,  is  to  employ  fusible  links  attached  to 
wires,  which  are  under  a  tensile  stress  and  which  will  allow  weights 
to  fall  and  open  the  main  valve  if  any  one  of  the  links  is  melted. 
In  the  wet-pipe  system,  water,  or  some  non-freezing  liquid,  fills  the 
entire  system  of  pipes  and  acts  directly  against  the  sprinkler  heads. 

The  object  of  a  dry-pipe  system,  or  one  employing  a  non- 
freezing  compound,  is  to  prevent  freezing  in  the  pipes  leading  to 
the  sprinkler  heads.  In  either  of  these  systems,  however,  a  main 
valve  must  be  employed  between  the  water  tank  and  the  system  of 
piping,  and  the  addition  of  this  valve  adds  a  piece  of  mechanism 
which  must  operate  in  case  of  fire,  and  which  if  it  should  fail  would 
render  the  whole  system  useless. 

Another  disadvantage  of  a  compressed  air  dry-pipe  system  is 
that  the  water  is  longer  in  reaching  the  fire  than  in  the  case  of  a 
wet-pipe  system.  In  a  wet-pipe  system  the  water  is  thrown  from 
the  sprinklers  the  moment  they  open,  whereas,  in  a  compressed  air 
dry-pipe  system,  the  air  has  to  escape  from  the  pipes  before  the 
main  valve  opens  to  admit  water  to  the  system  of  piping,  and  after 
the  main  valve  opens  the  water  has  to  fill  the  pipes  before  reaching 
the  sprinkler  head.  The  time  between  the  opening  of  a  sprinkler 
head  and  the  appearance  of  water  at  the  head  varies  with  the  size 
of  the  plant.     In  large  plants  the  time  required  is  from  *one  to  five 
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minutes,  according  to  the  location  of  the  sprinkler  head,  and  in 
some  cases  a  longer  time  than  this  is  required. 

The  wet-pipe  system,  on  account  of  its  greater  reliability,  is 
therefore  used  in  all  cases  where  there  is  no  danger  from  freezing. 
In  a  dry-pipe  system  the  heads  are  usually  placed  in  an  upright 
position  above  the  pipes,  so  that  all  the  water  may  be  drained  from 
the  system  after  the  operation  of  the  main  valve  and  before  re- 
charging with  air.     If  placed  in  a  pendent  position  the  general 
form  of  sprinkler  heads  will  hold  a  small  amount  of  water  after  the 
pipes  have  been   drained,  and   this  water  may  cause  trouble  by 
freezing.     Sediment  and  rust  from  the  pipe  also  tend  to  collect  in 
the  heads  when  placed  in  a  pendent  position.     Special   forms  of 
sprinkler  heads  have  been  designed  to  overcome  this  difficulty.     In 
these  the  valve  is  placed  at  or  near  to  the  top  of  the  screw  thread 
so  that  no  water  or  sediment  can  collect  over  the  head  after  the 
pipes  are  drained. 

In  a  wet-pipe  system,  the  heads  are  usually  placed  in  a  pendent 

position;   in  this  case  they  are  just  as   efficient  as  when  placed 

upright,  and  the  piping  may  be  hung  directly  against  the  ceiling, 

whereas  with  vertical  heads  the  piping  must  be  hung  some  distance 

helow  the  ceiling  in  order  to  allow  the  heads  to  distribute  properly.* 

The  main  valves  of  dry-pipe  systems  should  be  inspected  and 

tested  at  regular  intervals.     We  have  tested  and  noted  the  effect  of 

time  on  many  of  the  best  forms  of  such  main  valves,  but  will  confine 

ourselves  in  the  present  paper  simply  to  the  tests  and  qualities  to 

besought  after  in  the  sprinkler  heads. 

The  defects  which  are  developed  in  sprinkler  heads  when  sub- 
jected to  a  long-continued  use  are  as  follows: 

1.  The  valve  may  stick  to  the  seat  after  the  fusible  solder  re- 
leasing device  has  fallen  apart  and  released  the  valve. 

2.  The  releasing  device   may   not  fall   apart  after  the  fusible 
solder  has  melted  so  that  the  valve  will  not  be  released. 

3.  The  heads  may  open  of  their  own  accord  without  the  appli- 
cation of  heat. 
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The  defect  of  sticking  at  the  valve  seat  was  first  noticed  in 
heads  where  gutta  percha  washers  were  used  at  thie  valve  faces. 
The  gutta  percha  became,  in  some  cases,  cemented  firmly  against 
the  seat  so  that  the  sprinklers  would  not  open  at  ordinary  pressures. 
The  same  defect  was  found  to  exist  when  a  lead  washer  was  em- 
ployed against  a  brass  seat.  A  copper  disk  was  then  introduced 
between  the  lead  washer  and  the  valve  face,  and  this  was  found  to 
add  greatly  to  the  reliability  of  the  head. 

Various  other  materials  have  been  employed  in  place  of  the  lead 
washer  and  the  copper  disk.  In  some  heads  a  ground  brass  valve 
is  used  against  a  brass  seat,  and  in  others  glass  valves  are  used. 

A  very  small  force  will  hold  the  valve  against  the  seat,  so  that 
sticking  at  the  valve  seat  must  be  especially  guarded  against.  For 
example,  if  a  sprinkler  on  the  top  floor  of  a  building  has  a  head  of 
1 8  feet  of  water  acting  on  it,  the  pressure  acting  on  the  sprinkler  is 
about  eight  pounds  per  square  inch.  The  nozzle  of  many  sprinkler 
heads  is  about  one-half  inch  in  diameter,  or  one-fifth  of  an  inch  in 
area,  so  that  the  pressure  produced  on  the  valve  by  the  water  is 
about  1^4  pounds.  A  small  amount  of  corrosion,  or  collection  of 
pasty  material  at  the  valve  seat,  will  often  cement  the  valve  to  the 
seat  so  that  it  will  not  open  at  this  low  pressure.  To  overcome 
this  diflftculty  sprinklers  are  made  with  flexible  diaphragm  valve 
seats,  which  spring  outward  when  the  releasing  device  opens,  and 
thus  tend  to  force  the  valve  away  from  the  seat.  Springs  have  also 
been  introduced  to  force  the  valve  from  the  seat.  In  some  sprinkler 
heads  a  steel  clock  spring  is  employed  to  turn  a  screw,  which  forces 
open  the  valve.  In  a  head  of  recent  design  a  helical  tempered 
steel  spring,  specially  protected  from  corrosion,  is  placed  so  as  to 
force  the  valve  from  its  seat.  A  steel  spring  protected  from 
corrosion  is  preferable  to  a  brass  one,  as  experience  has  shown 
that  the  elasticity  of  brass  deteriorates  much  more  rapidly  than 
that  of  steel. 

The  second  defect,  or  failure  of  the  releasing  device,  was  devel- 
oped in  heads  which  relied  in  a  great  measure  on  the  elasticity  of  the 
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brass  frame,  or  other  stiff  brass  pieces,  to  throw  apart  the  releasing 
device.  In  some  forms  of  heads  the  cohesion  of  the  fusible  solder 
after  melting  in  the  releasing  device  is  sufficient  to  prevent  it  fall- 
ing apart,  provided  the  head  is  adjusted  so  that  there  is  but  little 
pressure  brought  to  bear  against  the  valve. 

In  several  heads  which  we  have  tested  the  force  acting  on  the 

valve  could  be  adjusted  so  that  no  leakage  would  occur  at  40  pounds 

pressure  per  square  inch,  and  this  force  would  be  insufficient  to 

^hrow  apart  the  releasing  device  after  the  fusible  solder  had  melted. 

^^  such  a  head  is  screwed  up  tightly  it  will  operate  perfectly  when 

"^'^i  for  there  is  then  sufficient  force  acting  on  the  releasing  device 

•rom  the  elastic  force  developed  by  strain  in  the  frame  to  throw  it 

^Part;  but  tests  of  heads  of  this  class  which  were  connected  to  a  water 

^^stem  for  five  years  show  that  about  50  per  cent,  fail  to  operate  at 

the  end  of  this  time,  and  also  show  that  the  severe  strain  brought  to 

^^^r  on  the  brass  frame  diminishes  so  that  there  is  practically  just 

enough  strain  remaining  after  a  long  period  of  use  to  prevent  leak- 

^^^  at  ordinary  pressures.     In  a  sprinkler  where  this  difficulty  is 

^apprehended  we  therefore  release  the  strain  on  the  valve  until  it 

'^  jUst  tight  at  ordinary  water  pressures,  and  a  failure  to  operate 

'^Qen  adjusted  in  this  way  is  considered  a  fatal  defect. 

Springs  have  been  used  between  the  valve  and  the  releasing 

^^vice  to  assist  in  throwing  apart  the  releasing  device.     When  a 

opting  is  employed  to  force  the  valve  from  its  seat  it  serves  the 

double  purpose  of  preventing  sticking  at  the  seat,  and  of  throwing 

^Part  the  releasing  device. 

The  third  difficulty,  or  that  of  opening  without  the  application 

of  heat,  is  one  which  has  proved  a  serious  defect  in  several  forms 

of  heads.     In  general  it  may  be  stated  that  the  greater  the  strain* 

vhich  is  brought  to  bear  on   the  solder  joint  the  more  reliable  the 

sprinkler  will  be  in  case  of  fire;  whereas,  this  strain  will  tend  to 

ause  the  sprinkler  to   open  of  its  own  accord,  and  thus  produce 

Iter  damage.     The  fusible  solder  employed  will  gradually  yield  if 

>jected  to  excessive  strain,  so  that  in  some  forms  of  heads,  poorly 
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designed  in  this  respect,  we  found  that  nearly  all  opened  of  their 
own  accord  when  connected  to  short  pipes  filled  with  water,  which 
were  mounted  so  as  to  be  free  from  any  jar  or  shock.  A  severe 
water  hammer  will  tend  to  cause  trouble  in  this  respect  in  a  head 
of  rigid  construction,  but  this  effect  has  been  exaggerated  in  the 
minds  of  many  observers.  A  special  test  was  made  on  a  head 
which  it  was  feared  would  give  trouble  in  this  respect  by  mounting 
it  in  a  special  apparatus  where  a  severe  water  hammer  was  produced. 
One  thousand  blows  failed  to  cause  leakage,  and  produced  no 
apparent  yielding  at  the  solder  joint. 

Having  considered  the  various  causes  of  failure  we  will  de- 
scribe the  tests  which  are  now  made  when  a  new  form  of  head  is 
submitted  to  us.     These  tests  are  for: 

1.  Reliability  of  action  and  sensitiveness. 

2.  Distribution  and  rate  of  flow  in  the  open  air  and  under  fiat 
and  joisted  ceilings. 

3.  Durability  in  which  the  sprinklers  are  connected  to  short 
pipes  which  are  filled  with  water.  These  tests  are  made  in  order 
to  note  if  releasing  device  will  open  of  its  own  accord,  and  to  de- 
termine if  corrosion  will  cause  the  valve  to  stick  to  the  seat. 

RELIABILITY    OF    ACTION    AND    SENSITIVENESS. 

Reliability  of  action  is  of  far  more  importance  than  the  sensi- 
tiveness of  a  sprinkler  head.  The  main  feature  of  a  sprinkler  head 
is  that  it  shall  operate  with  certainty  in  case  of  fire.  To  make  tests 
on  this  point  the  sprinklers  are  heated  in  an  oven,  and  the  relia- 
bility of  action  noted  at  the  same  time  that  the  sensitiveness  is 
determined. 

A  second  series  of  tests  consists  in  applying  a  flame  at  intervals 
directly  to  the  sprinkler  heads.  This  is  done  in  order  to  copy  the 
effect  of  a  sudden  fire  where  there  are  drafts  of  air.  In  the 
second  series  of  tests  a  gas  burner  that  gives  a  large  heating  flame 
which  will  completely  envelop  the  sprinkler  head,  is  held  for  an 
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instant  below  the  sprinkler,  and  then  removed;  the  operation  being 
repeated  until  the  head  opens.  This  test  is  a  severe  one,  and 
sprinklers  which  will  open  correctly  in  an  oven  will  sometimes  fail 
when  subjected  to  an  intermittent  flame.  The  main  cause  of 
failure  in  this  test  is  the  "  starting  "  of  the  solder  joint  so  as  to 
allow  the  sprinkler  to  leak  in  such  a  way  as  to  cool  the  solder  joint 
and  prevent  further  opening. 

The  tests  for  sensitiveness  are  made  in  the  special  testing  oven 
shown  in  Fig.  i.     A  description   of  this   oven  was  given  at   the 
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meeting  of  the  American  Association  for  the  Advancement  of 
Science,  held  at  Madison,  Wis.,  August,  1893,  and  was  published 
in  the  American  Machinist  for  January  11,  1894.  It  consists  of  a 
sheet-iron  box  2  feet  high,  2  feet  long,  and  i  foot  wide.  The  air 
in  the  oven  is  first  brought  to  a  given  constant  temperature,  and 
the  sprinkler  is  then  introduced.  The  time  required  to  set  off  the 
sprinkler  head  is  noted  by  means  of  a  stop-watch.     The  sprinkler 
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is  placed  in  the  small  chamber  A  at  the  side  of  the  oven.  The 
chamber  A  is  separated  from  the  oven  by  means  of  two  sliding 
doors  £  and  C,  and  the  air  in  it  is  at  about  the  temperature  of  the 
room.  Before  placing  the  sprinkler  in  the  chamber  A  the  water  in 
the  pipe  leading  to  it  is  brought  to  the  temperature  of  70^  Fahr.  in 
order  that  the  cooling  action  of  the  pipe  shall  be  the  same  in  each 
test.  To  accomplish  this  the  pipe  is  heated  above  70°  Fahr.,  and  is 
gradually  brought  down  to  this  temperature  by  allowing  the  heated 
water  to  escape  through  the  petcock  at  E,  so  that  it  is  replaced  by 
colder  water  from  the  supply  tank.  The  temperature  of  the  room 
is  maintained  at  about  70^*  Fahr.  The  oven  is  heated  to  a  tem- 
perature of  300^  Fahr.  by  means  of  the  Bunsen  burner  H.  It  is 
preserved  at  this  point  by  regulating  the  damper  F.  The  damper 
G  is  employed  to  maintain  an  approximately  equal  flow  of  hot  air 
through  the  oven.  There  are  a  series  of  deflector  plates  so 
arranged  that  the  hot  air  entering  the  oven  is  distributed  so  as  to 
cause  the  temperature  to  be  nearly  equal  at  all  points  near  the 
center  of  the  oven.  The  temperature  is  measured  by  the  ther- 
mometer J,  which  is  held  by  the  rod  K  that  passes  through  an  ad- 
justing arrangement,  which  allows  the  bulb  to  be  set  at  the  same 
height  and  near  the  solder  joint  of  the  sprinkler  head. 

The  sprinkler  is  introduced  in  the  oven  by  opening  the  sliding 
doors  B  and  C,  and  moving  the  pipe  I  L,  which  is  held  in  adjust- 
able guides,  until  the  sprinkler  reaches  the  desired  position  at  the 
center  of  the  oven. 

There  is  an  outside  cover  to  the  box  A,  that  is  not  shown  in 
the  sketch,  which  prevents  the  hot  air  in  the  oven  from  escaping  on 
opening  the  sliding  doors  B  and  C  at  the  time  the  sprinkler  is  in- 
troduced. The  water  from  the  supply  tank  passes  through  the 
hose  D. 

The  results  given  by  this  oven  are  quite  uniform,  provided  the 
heads  are  set  so  that  there  is  the  same  amount  of  stress  on  the 
solder  joint  of  each.  If  some  of  the  heads,  however,  are  tightened 
up  harder  than  others,  and  there  is  a  great  difference  in  the  stress 
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brought  to  bear  on  the  solder  joint,  the  time  required  to  open  will 
vary,  being  the  least  in  those  in  which  the  stress  on  the  solder  joint 
is    the  greatest.     The  time  required  to  open  a  sprinkler  head  of 
average  sensitiveness  is  two  minutes,  the  oven  being  at  the  con- 
stant temperature   of  300   degrees,  and  the  sprinkler  and   pipes 
leading  to  the  same  at  70  degrees  before  introducing  the  sprinkler 
in    the  oven.     The  most  sensitive   head  we  have  tested  required 
sli^T^itly  less  than  one  minute  at  300°  Fahr.,  and  the  least  sensitive 
of  the  standard  forms  five  minutes. 

In  developing  this  form  of  oven  many  experiments  were  made 
to  test  the  reliability  of  the  results  obtained.  Solder  joint  pieces 
^^re  made  of  a  uniform  size,  and  were  attached  to  a  special 
sprinkler  head  where  they  were  subjected  to  a  given  tension  by 
°^cans  of  a  spring  and  weight  device.  This  special  head  was 
placed  in  the  oven,  and  the  time  to  melt  the  solder  joint  noted  for 
both  upright  and  pendent  positions. 

In  the  first  experiments  the  time  required  to  melt  the  solder 
pint   in   the   special   head  varied   if  the  conditions  were  slightly 
^^tered.     In  the  present  form  of  oven  the  special  head  gave  ac- 
cordant results. 

A  sprinkler  head  placed   in  an    upright   position  in  the  oven 

^^U  operate  more  quickly  than  one  in  a  pendent  position,  because 

^W  cooling  action  of  the  pipe  tends  to  produce  a  downward  current 

Qt  air  about  the  sprinkler  head,  which  slightly  retards  the  action 

^^en  the  sprinkler  is  attached  to  the  underside  of  the  pipe. 

The  oven  shown  in  Fig^  i  was  adopted  after  experiments  on 
roany  other  forms. 

In  the  first  tests  for  the  sensitiveness  of  sprinkler  heads  they 
were  placed  in  an  oven  which  was  heated  up  slowly,  and  the  time 
required  to  open  them,  and  the  temperature  of  the  air,  as  registered 
by  a  mercury  thermometer,  was  recorded.  This  did  not  give 
strictly  comparative  results,  because  the  temperature  of  the  air  \Vas 
in  excess  of  that  recorded  by  the  thermometer,  and  variations  in 
the  rates  of  heating  caused  different  times  and  temperatures.     To 
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overcome  the  difficulty  resulting  from  the  temperature  of  the  air 
being  higher  than  that  of  the  thermometer,  the  oven  was  heated 
quickly  up  to  a  certain  temperature,  and  then  slowly  until  the 
sprinkler  head  opened.  The  error  of  the  thermometer  was  thus 
reduced  to  about  2°  or  4^  Fahr. 

Tests  were  made  in  this  way  for  some  time,  as  the  sensitiveness 
of  a  sprinkler  was  not  considered  to  be  of  as  great  importance  as 
many  other  features  which  must  be  embodied  in  a  successful  head, 
and  as  the  method  gave  results  that  would  indicate  if  the  sprinklers 
were  about  of  the  average  sensitiveness  it  was  exact  enough  for  all 
practical  purposes. 

Various  defects  are  sometimes  found  in  the  construction  of  the 
heads.  The  valve  will  sometimes  fall  in  such  a  way  as  to  obstruct 
the  outflow  and  thus  affect  the  distribution.  In  others  a  loose 
piece  of  the  releasing  device  may  fall  in  such  a  way  as  to  catch 
underneath  the  valve  and  prevent  it  from  opening  to  the  full  extent. 
A  collection  of  sawdust,  or  other  foreign  material,  on  the  deflector 
may  also  prevent  the  full  opening  of  the  valve.  The  heads  should 
be  of  such  a  form  that  the  most  severe  corrosive  action  will  not 
cause  a  failure. 

DISTRIBUTION    AND    RATE   OF    FLOW. 

The  apparatus  for  determining  the  distribution  and  rate  of  flow* 
consists  of  an  open  tank  so  mounted  that  the  water  level  is  10  feet 
above  a  ^-inch  horizontal  pipe  leading  to  the  sprinkler  head.  A 
large  valve  is  placed  directly  under  the  tank,  and  from  this  valve 
a  I -inch  ordinary  steam  pipe  leads  to  the  %-inch  horizontal  pipe, 
which  is  10  feet  long. 

The  object  of  employing  the  particular  lengths  and  diameters 
of  pipes  given  above  was  to  introduce  the  element  of  friction  of  the 

*  A  general  description  of  this  apparatus  was  given  by  the  writer  in 
the  discussion  of  a  paper  by  Mr.  A.  F.  Nagle,  Transactions  A,^,li,'E.. 
Vol.  XI.,  p.  709,  1890. 
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pipes  which  lead  to  sprinklers  when  placed  in  actual  service.  In 
order  to  eliminate  diflFerences  of  friction  that  might  occur  in  the 
pipes  leading  to  the  sprinkler  head,  one  of  the  first  tests  made  on 
the  apparatus  was  to  carefully  determine  the  rate  of  flow,  on  a 
sprinkler  head  having  an  orifice  turned  accurately  to  size,  and  in 
which  the  deflector  was  so  low  that  any  deformation  in  the  same 
would  not  alter  the  rate  of  flow.  This  standard  head  should, 
therefore,  always  give  the  same  rate  of  flow,  provided  the  friction  of 
the  pipes  does  not  alter  by  an  appreciable  amount. 

Before  making  any  of  the  succeeding  tests  the  rate  of  flow  of 
the  standard  head  was  re-determined,  and  allowances  were  made 
for  slight  differences,  or  the  pipes  were  replaced  whenever  a  large 
difference  was  found. 

All  tests  on  the  rate  of  flow  that  we  have  made  may  be,  there- 
fore, compared  directly  with  each  other. 

The  diameter  of  outlet  of  the  standard  sprinkler  is  0.555  inch, 
and  it  discharges  1.54  cubic  feet  of  water  per  minute  at  10  feet 
head. 

The  New  York  Board  of  Fire  Underwriters  require  that  with 
10  feet  water  head  the  distribution  8  feet  below  a  sprinkler  head 
shall  be  over  a  circle  at  least  10  feet  in  diameter,  that  the  diameter 
6  inches  above  shall  be  8  feet  or  over  when  tested  in  the  open  air, 
^nd  that  the  rate  of  flow  shall  be  at  least  i  cubic  foot  per  minute. 
To  measure  the  distribution  6  inches  above  the  head,  a  gradu- 
ated straight-edge  is  employed.  The  observer  stands  at  the  same 
Jevelasthe  straight-edge,  and  can  readily  observe  the  diameter  of 
the  circle  spread  over. 

In  addition  to  tests  in  the  open  air,  tests  are  made  to  show 
feribution  under  joisted  and  flat  ceilings. 

Tests  are  made  at  high  water  pressures  as  well  as  that  equiva- 
lent to  10  feet  head. 

Sprinklers  distributing  water  in  a  proper  way,  under  10  feet 
head  and  at  25  pounds  pressure  per  square  inch,  are  shown  in  Figs. 
2,  3,  4,  and  5.     It  will  be  seen  that  the  water  is  divided  in  streams 
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and  large  drops,  which  are  thrown  upward  as  well  as  downward  from 
the  deflector.  The  upward  portion  tends,  in  a  measure,  to  protect 
the  ceiling  above  the  head,  whereas,  the  presence  of  a  ceiling  will 
not  seriously  affect  the  distribution. 

Figures  6  and  7  show  the  distribution  of  a  head  in  which  too 
much  water  is  thrown  upward.  When  placed  under  a  ceiling  the 
distribution  will  not  be  satisfactory. 


Figures  8  and  9  show  the  distribution  of  a  head  in  which  the 
water  is  thrown  in  an  irregular  way. 

Figures  10  and  11  show  another  poor  form  of  distribution.     In 

this  the  water  is  thrown  in  the  form  of  an  umbrella,  so  that  there 

Sut  little  water   thrown  directly  under  the  head.     Still  other 
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defects  are  sometimes  found,  such  as  a  division  of  the  water  into 

two  distinct  portious  by  the  side  bars  of  the  frame  of  the  sprinkler 

head. 

A  ^trinkler  which  divides  the  water  in  a  fine  spray  as  shown  in 

Figs,  s  and  3  is  not  as  desirable  as  one  in  which  the  water  is  thrown 
in  large  drops  and  streams  as  shown  in  Figs.  4  and  5,  because  a 
draft  oi  air  will  more  seriously  affect  the  distribution  when  the  water 


is  thrown  in  the  form  of  a  spray  than  it  will  when  the  water  is 
thrown  in  large  drops  or  streams. 

The  scale  shown  in  the  figures  above  the  sprinklers  is  marked 
in  feet.  In  Fig.  4  the  scale  was  not  painted  white,  as  were  all  the 
others,  and  therefore  it  appears  darker. 
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DURABILITV    TESTS   EXTENDING    OVER    A    CONSIDERABLE    PERIOD    OF 

TIME. 

After  making  the  tests  already  described  on  a  new  form  of 
sprinkler  head,  a  number  are  connected  to  short  lengths  of  pipe, 
which  are  filled  with  water  and  with  salt  and  water.  These  pipes 
are  mounted  where  they  are  free  from  jars  or  shocks. 

The  object  of  this  test  is,  as  has  been  before  stated,  to  deter- 
mine if  the  sprinklers  will  open  of  their  own  accord,  and  also  to  note 
the  effect  of  corrosion  in  producing  sticking  of  the  valve  to  its  seat. 
The  most  practical  test  in  this  line  is  to  observe  the  action  of  sprink- 
lers after  they  have  been  in  service  for  several  years,  and  many  such 
tests  have  been  made. 

The  time  tests  above  mentioned  have  been  of  great  service  in 
determining  the  action  of  special  forms  of  heads,  many  of  which 
have  never  been  put  to  practical  use;  and  the  information  derived 
therefrom  has  been  of  use  in  predicting  the  action  of  time  on  new 
forms  of  sprinkler  heads. 


COMPARISON  OF  INSULATING  MATERIALS  FOR  COLD 

STORAGE. 


BY    RUDOLPH    RIEGE,    '93,    AND    FRANK    L.    PARKER,    '93. 


IN  the  construction  of  insulating  walls  and  partitions  for  refriger- 
ators and  cold  storage  and  freezing  rooms,  judging  from  num- 
erous references  on  the  subject,  there  has  been  a  marked  difference 
in  practice,  which  difference  can  only  be  accounted  for  by  the  ab- 
sence of  true  knowledge  as  to  the  relative  values  of  the  substances 
used  for  insulation,  and  also  as  to  the  outlay  required  for  such  in- 
sulating materials.      The   relative   heat-conducting  capacities  of 
many  insulating  materials  in  the  market  are  published  by  those  inter- 
ested in  their  sale,  and,  though  the  results  of  scientific  tests  as  to 
conductivity  are  honestly  set  forth,  they  are  often  twisted  and  dis- 
torted in  a  manner  entirely  misleading  to  the  purchaser.     To  make 
aseiies  of  reliable  tests  requires  much  time  and  patience.     Hence, 
^^  order  to  arrive  at  accurate  data,  we  have  only  been  able  to  deal 
with  a  couple  of  substances,  which,  while  cheap,  at  the  same  time 
^^ord  a  fairly  good  insulation.     Most  of  the  tests  on  the  transmis- 
sion of  heat  of  materials  suitable  for  refrigerating  insulation  have 
^^^n  made  on  a  comparison  based  on  equal  thicknesses  of  the  ma- 
terials tested.     It  should  be  borne  in  mind,  however,  that  most  all 
neat-protective  walls  and  partitions  are  generally  built  of  a  com- 
bination of  insulating  materials,  as  that  of  wood,  air,  space,  and 
paper,  or  wood  with  some  filling  (as  charcoal,  shavings,  or  cork), 
^nd  that  varying  thicknesses  of  these  materials  are  used.     Such 
Queries  as,  "  Is  air  space  better  than  shavings?"  or,  "  Is  charcoal 
^^  good  as  cork  ?"  and  "Will  lampblack  beat  sawdust  ?"  etc.,  are 
^f^en  encountered,  and  should  be  met  with  the  question,  **  What 
combination  is  desired,  what  thicknesses  are  to  be  used,  the  service 
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expected  of  it,  and  the  cost  of  the  insulation  per  square  foot  ? " 
after  which  an  intelligent  answer  can  be  given. 

The  cooling  agent  used  in  the  refrigerator,  whether  it  be  ice  or 
some  form  of  mechanical  refrigeration,  has  a  threefold  duty  to  per- 
form after  the  box  has  once  been  cooled  to  its  required  tempera- 
ture: I.  To  cool  the  material  placed  in  the  box  to  the  required 
box  temperature.  2.  To  cool  the  air  admitted  by  the  openings  or 
other  apertures  of  the  box.  3.  To  take  up  the  heat  that  finds  its 
way  through  the  insulation.  The  third  duty  is  generally  the 
greatest;  that  is,  the  largest  proportion  of  the  refrigerative  agent  is 
used  to  absorb  the  heat  which  comes  through  the  insulation,  and 
this  proportion  is  not,  as  is  often  supposed,  in  ratio  to  the  cubical 
contents  of  the  box,  but  in  proportion  to  the  square  feet  of  surface 
exposed.  The  square  feet  of  surface  exposed  grows  rapidly  less  in 
proportion  to  the  cubical  feet  contained,  as  the  cubical  contents  in- 
crease, and,  while  the  cost  of  taking  care  of  conducted  heat  per 
cubical  foot  diminishes  as  the  size  of  the  box  increases,  it  remains 
the  same  per  square  foot,  the  cost  of  the  insulation  being,  of 
course,  as  to  the  square  foot  of  surface. 

A  series  of  experiments  on  the  non-conducting  qualities  for 
coverings  for  steam  pipes  was  made  by  Prof.  John  M.  Ordway, 
and  published  in  the  Transactions  of  the  American  Society  of 
Mechanical  Engineers.  The  experiments  were  made  by  covering  a 
pipe  (through  which  steam  was  passed)  with  different  materials 
inclosed  in  a  calorimeter,  and  then  noticing  the  different  amounts 
of  steam  condensed,  and  so  arriving  at  a  decision  as  to  their 
respective  merits.  With  other  than  compact,  solid  substances,  the 
results  were  of  course  complex,  as  the  closeness  of  contact  of  the 
particles  of  solid  matter,  their  specific  conducting  power,  and  the 
friction  exerted  by  the  particles  on  the  included  air,  all  had  to  be 
depended  upon.  The  fewer  the  points  of  contact  of  the  solid 
grains  and  the  more  rigidly  the  air  was  held  by  the  interstices,  the 
less  opportunity  afforded  for  the  transmission  of  heat  respectively 
nduction  and  by  convection.     When  air  is  allowed  to  move 
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about  in  a  closed  space  it  can  transfer  much  heat,  unless  the  source 
of  heat  be  from  the  top,  so  that  the  usefulness  of  mere  air  space 
has  been  much  overestimated,  and  it  is  seldom  they  can  be  so 
placed  as  to  render  much  service. 

When  more  and  more  organic  fibre  is  crowded  into  a  given 
space,  the  thickness  of  the  stratum  remaining  the  same,  the  trans- 
missive  power  appears  to  be  diminished  until  a  certain  limit  is 
reached,  beyond  which  an  increase  occurs.     The  reason  is  probably 
that  the  mobility  of  the  air  has  been  brought  to  a  minimum,  and  the 
proper  conducting  power  of  the  fibre  begins  to  act  more  decidedly. 
Hence  this  is  a  strong  argument  against  the  use  of  materials  in  the 
form  of  paste  to  be  plastered  on,  as  the  compression  of  non-fibrous 
matters,  as  lampblack,  fossil  meal,  magnesia,  and  zinc  white,  in- 
creases the  conducting  power  in  a  marked  degree.     The  quantity 
of  the  substance  remaining  the  same,  compression,  which  lessens 
the  thickness  of  a  covering,  decreases  the  heat-retaining  power  in 
no  small  degree,  a  matter  of  much   practical  and  economic  im- 
portance. 

The  great  difference  between  the  efficiency  of  the  same  absolute 
hulk  of  chalk  and  black  lead  is  probably  due  to  the  fact  that  the  air 
slides  much  more  freely  over  the  smooth  particles  of  the  latter,  and 
it  is  not  unlikely  that  the  smoothness  of  the  soapy  mineral  fibre  of 
asbestos  is  also  the  cause  of  the  difference  of  efficiency  between  it 
and  wool. 

Very  porous  and  light  bricks  confine  the  heat  much  better 
than  those  which  are  hard  burned,  but  they  should  be  kept  dry,  as 
the  presence  of  moisture  in  a  non-conducting  body  greatly  impairs 
its  usefulness. 

Also  the  high  efficiency  of  light  non-conductors  is  owing  mostly 
to  the  imprisoned  air,  which  really  occupies  all  but  a  small  fraction 
^^  the  space,  and  the  more  quiet  the  air  is  kept  the  better  is  the 
effect.  Professor  Ordway  draws  the  conclusion  from  his  experi- 
"^ents  that  air  is  a  good  non-conductor  only  so  long  as  it  is  confined 
hy  the  interstices  of  the  material  from  circulating  in  currents  around 
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the  box.  Concluding  he  says:  "  The  obvious  moral  is:  Use  any 
non-conductor  light  and  thick  rather  than  dense  and  thin." 

In  refrigerating  buildings  air  spaces  between  the  partitions  are 
generally  considered  among  the  best  insulating  means,  provided 
that  such  air  spaces  are  hermetically  sealed  from  the  atmosphere 
both  inside  and  outside  of  the  refrigerating  rooms,  the  idea  being 
that  such  air  will  possess  an  average  temperature  of  the  inside  and 
outside  atmospheres  and  that,  therefore,  each  of  the  insulating  walls 
is  only  exposed  to  the  fraction  of  the  prevailing  difference  of  tem- 
peratures. As  to  the  thickness  of  this  air  space,  experiments  with 
steam  have  shown  that  a  quarter  of  an  inch  is  as  good  as  an  inch, 
yet  in  practice  they  are  seldom  made  less  than  3  inches.  Again,  it 
has  been  found  that  radiant  heat  has  the  remarkable  property  of 
passing  through  moderate  thicknesses  of  air  without  appreciable 
loss,  or  heating  the  air  sensibly,  so  that  in  ordinary  cases  air  cannot 
be  heated  directly  by  radiant  heat  but  only  by  contact  with  heated 
bodies. 

In  calculating  the  rate  of  flow  of  heat  through  the  refrigerating 
wall,  it  should  be  remembered  that  it  is  in  proportion  to  the  differ- 
ence of  temperatures  existing  on  each  side  of  the  wall,  and  that  the 
greater  this  difference  the  greater  will  be  the  amount  of  heat  trans- 
ferred through  insulators  of  the  same  value.  Hence  the  unit  of 
conductive  value  is  the  amount  of  heat  which  passes  through  a 
unit  surface  in  unit  time  at  unit  difference  of  temperature,  and  the 
value  of  an  insulating  wall  should  be  based  on  the  number  of  British 
thermal  units  passing  per  day  per  square  foot  of  surface  per  degree 
Fahrenheit  of  difference  of  temperature  on  each  side  of  the  insulation. 

Let  N  =  the  number  of  heat  units  penetrating  i  square  foot 

of  surface  for  every  degree  difference  of  temper- 
ature, 
r  =  a  co-efficrent  depending  upon  the  heat-conducting 
ability  of  the  material  composing  the  walls. 
/  —  Z'  =  difference  of  temperature  between  the  inside  and 

outside  walls. 
e  =  thickness  in  feet  of  the  insulating  material. 
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Then  N  =  ^  ^    " — L  =  the  number  of  heat  units  absorbed  for 

every  square  foot  of  surface. 

If  the  walls  are  built  of  different  materials  whose  respective 
thicknesses  are  e^e',  e",  e"\  etc.,  and  the  corresponding  co-efficients 
are  r,  c\  c",  r"\  etc.,  then  the  formula  becomes: 

(/  —  /') 

AT 1 i 

■^^    —      ^  ,'  ^*  .'" 

c      c       c        c 

Some  of  the  values  for  c  found  by  Mr.  Rassbach  and  published 
in  Ice  and  Refrigeration  are  herewith  given: 

Pine  wood r^.084  Sawdust ^^.0437 

Mineral  wool —  .068  Charcoal  (powdered).    ^  .053 

Granulated  cork —  .0537  Cotton —  .0268 

Wood  ashes —  .0403  Soft  paper  felting. . .    —  .0228 

For  solid  brick  walls  the  values  of  —  and  —  are: 

e  c 

Thickness  of  wall,  inches  9  13  18  22 

- 0.395      0.298     0.2375     0.204 

e 

- 2.53        3.355      4.21         4.9 

c 

For  air-tight  double  floors  of  wood  properly  filled  underneath 
so  that  the  circulation  of  the  atmosphere  is  excluded,  and  for  ceil- 
ings of  similar  construction,  —  =  .082. 

e 

In  testing  the  value  of  insulating  walls  or  partitions  there 
should  be  some  means  of  determining  accurately  the  rate  of  flow 
of  the  heat  through  the  wall  or  partition.  This  can  be  done  with 
accuracy  in  stveral  different  ways,  though  in  the  following  tests 
^he  apparatus  used  consisted  essentially  of  a  wooden  box,  a  tin 
^ox,  thermometers,  and  a  pail  to  catch  the  drip  from  the  ice  the 
a^tnt  used  in  cooling.  The  boxes  were  respectively  44  inches  and 
25  inches  cube  on  the  inside,  the  tin  box  containing  the  ice  to  be 
n^elted.  The  wooden  box  was  made  of  J^-inch  white  pine  tongue 
and  groove  boards,  9  inches  width,  and,  really,  was  a  double  box, 
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the  boards  of  the  inner  one  running  at  right  angles  to  those  of  the 
outer  in  order  to  make  the  box  as  air-tight  as  possible.  The  lid  of 
the  box,  which  was  12  inches  deep  on  the  inside,  had  a  12-inch 
band  around  the  edge  where  the  lid  rested  on  the  box,  and  to  make 
the  joining  of  the  two  as  air-tight  as  possible,  the  edge  was  lined 
with  felt.  Both  the  lid  and  the  box  were  then  lined  with  what  is 
known  as  "  builder's  paper  *'  or  "  sheathing,"  which  secured  a  still 
better  protection  against  outside  changes  of  temperature.  The  tin 
box  rested  on  a  couple  of  wooden  horses,  12  inches  high,  so  that 
when  placed  in  position,  there  was  a  space  of  12  inches  all  around 
the  tin  to  the  sheathing.  From  the  bottom  of  the  tin  box  led  a 
tube  which  passed  into  an  inch  pipe,  this  latter  pipe  extending 
through  the  wooden  box  and  the  lower  end,  being  immersed  in  a 
can  of  water,  prevented  any  outside  air  from  entering  either  box. 
All  fittings  were  air-tight.  Thermometer  tubes  were  let  in  from  the 
four  sides  to  within  6  inches  of  the  tin  box,  as  well  as  a  long  tube 
from  the  wooden  box  cover  through  the  tin  box  cover  to  within  a 
couple  of  inches  of  the  ice. 

Before  starting  a  test  the  ice  was  allowed  to  melt  until  the  drip 
from  the  can  showed  a  regular  flow,  thereby  allowing  the  true 
weight  of  ice  melted  during  the  test  to  be  determined.  During  a 
test  temperatures  were  noted  on  all  four  sides  of  the  wooden  box, 
also  within  6  inches  of  the  tin  box,  and  also  inside  the  latter,  the 
readings  being  taken  half-hourly  and  the  weight  of  ice  melted 
hourly.  When  the  thermometer  tubes  were  not  in  use,  they  were 
closed  with  corks.  Comparison  tests  were  made  of  each  substance, 
each  test  lasting  from  six  to  24  hours.  As  seen  from  the  tables, 
tests  were  made  of  air,  shavings,  and  cork,  first  at  ordinary  tem- 
perature and  later  with  a  steam  coil  an  inch  above  the  wooden  box 
to  represent  the  effect,  when  steam  was  circulated,  of  the  sun  on 
the  roof  of  a. storage  house. 

In  the  selection  of  non-conductors  for  practical  service,  some- 
tiiing  more  than  their  heat-retaining  power  should  be  taken  into 
account.     They  should  be  materials  which  are  abundant  and  cheap; 
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clean  and  inodorous;  light  and  easy  of  application;  not  liable  to  be 
compacted  by  jarring  or  to  change  by  long  keeping;  not  attractive 
to  insects  or  mice;  not  liable  to  spontaneous  combustion  nor  prone 
to  attract  moisture  from  the  air,  and  not  capable  of  exerting  any 
chemical  action  on  the  surfaces  with  which  they  are  in  contact. 
There  is  no  one  thing  which  combines  all  the  desirable  qualities, 
but  there  are  many  non-conductors  which  embrace  a  considerable 
range  of  these  requisites. 

In  the  composition  of  this  paper  references  have  been  made 
to  articles  on  insulation  by  Prof.  John  M.  Ordway  in  the  Transac- 
tions of  the  American  Society  of  Mechanical  Engineers,  and  also  by 
Messrs.  Starr  and  Rassbach  in  Ice  and  Refrigeration. 

A   summary  of  the  results  by  our  experiments  is  given  in 
Tables  I.,  II.,  and  III. 

Table  I. 

Material  cover  empty,  so  that  top  of  box  is  insulated  with  air. 
Heat  applied  to  top  of  box  by  means  of  a  steam  coil. 


Material. 

Average  Tempera- 
ture IN  Degrees 
Pahk. 

Pounds  of  Water 
Melted  per  Hour. 

British  Thermal  Units  per 

Square  Foot  of  Surface 
PER  Hour  per  Degree  Fahr. 

DIFFERENCE  OF  TEMI'ER- 
ATURE. 

Room. 

Material. 

Outside  Surface 

Inside  Surface 

Shavings,  first  test. . . 
Shavings,  secood  test, 
Cork,  first  test 

84.13 
81.81 

89.14 

71.187 

75.17 
81.125 

.5 
.3611 

.875 

.014 
.oil 
.0193 

.0166 

.013 

.0229 

The  results  given  in    Tables  I.,  II.,  and  III.  are  calculated, 

using  the  external  area,  and  using  the  internal  area  of  the  wooden 
box. 

From  Tables  I.,  II.,  and  III.  it  is  easily  seen  that  insulation  of 
shavings  is  considerably  ahead.  A  curious  result  may  be  noticed 
^"  Table  III.,  where  the  material  in  second  test  is  4  degrees  higher, 
and  yet  the  ice  melted  nearly  .2   pound  less.      This  may  be  ac- 
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counted  for  by  the  thermometers  not  being  left  in  the  material  long 
enough  to  get  the  real  temperature.  The  shavings  used  were 
ordinary  white  pine,  such  as  can  be  obtained  from  any  carpenter's 

Table  II. 

Cover  of  box  full  of  same  material  as  that  used  for  insulating  the 
sides. 

No  heat  applied  by  steam  coil  on  top  of  box. 


Material. 


Air,  first  test 

Air.  second  test 

Shavings,  first  test. .. 
Shavings,  second  test, 

Cork,  first  test 

Cork,  second  test 


Average  Tempera- 
ture IN  Degrees 
Pahr. 


Room. 


73.97 

75.23 

77.17 
78.28 

85.12 

78.99 


Material. 


71. 
66.8 

66.42 

73.73 

70.55 


«  O 

« 

O  « 

A.:8 


1.25 

1. 17 
.4166 

.375 
.802 

.557 


British  Thermal  Units  per 
Square  Foot  of  Surface 

per  Hour  per  Degree  Pahr. 
Difference  of  Temper- 
ature. 


Outside  Surface 


.044 
.041 

.0136 
.0119 
.0223 

.0175 


Inside  Snrface 


.052 

.0487 

.016 

.014 

.0265 

.0206 


Table  III. 

Cover  of  same  material  as  that  used  for  insulating  the  sides. 
Heat  applied  to  top  of  box  by  means  of  a  steam  coil. 


Material. 


Average  Tempera- 
ture IN  Degrees 
Pahr. 


Room.     '  Material. 


Shavings,  first  test. . .     79. Si 
Shavings,  second  test,     79 . 2 
Cork,  first  test S5.12 


65. 

66.2 

69.42 


CB  O 

o  o 


.  297 

.354 
.510 


British  Thermal  Units  per 
Square  Poot  of  Surface 

PER  Hour  per  Degree  Pahr. 
Difference  of  Tempera- 
ture. 


Outside  Surface  jln&ide  Snrface 


.009 
.oil 
.0142 


.0107 

.013 

.0168 


shop,  ami  were  not  in  large  pieces  or  strings,  but  rather  small,  thin 
hips.  Although  the  results  of  the  shavings  tests  do  not  agree  as 
osely  as  desired,  the  difference  in  favor  of  the  second  test  may  be 
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explained  by  the  fact  that  the  second  test  was  really  a  continuation 
of  the  first  test;  the  conditions  at  the  start  were  much  better,  as  the 
shavings  had  had  24  hours  in  which  to  cool  down  to  a  stationary 
temperature. 

Tests  of  air.  Table  II.,  are  really  not  "air-space**  tests,  but 
only  tests  in  which  the  refrijjerator  was  surrounded  by  a  volume  of 
air  which  could  circulate  in  a  confined  air  space,  but  which  could 
receive  no  fresh  supply  from  any  source.  These  results  agree  as 
nearly  as  could  be  desired. 

Tests  of  cork,  column  2,  seem  to  come  just  half-way  between 
those  of  air  and  shavings,  showing  that  cork  is  not  such  a  good 
material  (compared  with  the  others)  as  is  generally  supposed. 

The  tests  with  the  steam  coil  showed  that  the  application  of 
considerable  heat  over  the  top  of  the  box  had  no  appreciable  effect 
upon  the  transmission  of  heat  into  the  box. 


TEST  OF  OTTO    GAS    ENGINES.* 


BY  J.  V.  MACDONALD,  '93,  B.   G.    BRAINE,  '93,   C.   H.   MERRITT,  JR.,  '93. 


THE  engines  tested  operated  part  of  an  electric  plant  at  Dan- 
bury,   Conn.,  under   the  management  of  the   Danbury  and 
Bethel  Gas  and  Electric  Light  Company. f 

The  object  of  the  test  was  to  determine  the  economy  of  an 
Otto  gas  engine,  operated  by  producer  gas. 

The  test  consisted  in  five  eight-hour  runs  with  the  working 
load,  a  Prony  brake  test,  and  special  tests  for  the  friction  of  the 
engines. 

*Abstractof  graduation  thesis  covering  engine  tests  only,  whereas 
electrical  tests  were  also  included  in  the  original. 

t  A  description  of  this  plant  with  comprehensive  illustrations  appeared 
\^?ower,  August,  1894. 
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At  the  same  time  the  cupola  was  tested  and  electrical  readings 
were  taken  for  the  purpose  of  determining  the  electrical  horse-power. 

An  average  of  the  five  tests  shows  that  1.82  pounds  of  coal  was 
consumed  per  hour  per  indicated  horse-power,  and  3.66  pounds 
per  hour  per  effective  horse-power. 

A  description  of  the  plant  follows,  together  with  the  results  of 
tests  in  detail. 

DESCRIPTION    OF    THE    PLANT. 

The  cupola  which  is  used  for  making  the  "  producer  gas  **  is  a 
vertical  one,  similar  to  the  one  used  in  making  part  of  the  water 
gas;  but  specially  designed  for  the  producer  gas.  It  has  an  inside 
diameter  of  5  feet,  and  an  inside  depth  of  10  feet. 

The  process  of  making  the  gas  is  that  of  sucking  air  with  a  small 
percentage  of  steam  through  incandescent  coal  by  means  of  a  jet  ex- 
hauster, and  forcing  it,  by  means  of  the  same  exhauster,  through  the 
scrubbers,  where  it  is  washed  to  rid  it  of  its  mechanical  impurities, 
into  the  holder,  the  pressure  of  which  is  about  3.2  inches  of  water. 

From  the  holder  it  passes  to  the  engines  as  required,  and  is 
there  mixed  with  the  necessary  amount  of  air  for  complete  combus- 
tion. A  bag  is  placed  in  the  gas  connection  to  the  engine  for  the 
purpose  of  equalizing  the  flow  of  the  gas. 

There  are  three  gas  engines  in  the  plant,  any  two  of  which  are 
used  to  operate  the  plant,  the  other  being  held  as  a  reserve.  The 
difficulty  of  starting  gas  engines  is  overcome  in  this  plant  by  using 
a  small  Westinghouse  15  horse-power  engine  which  is  connected  to 
the  countershafting. 

This  shafting  is  fitted  with  a  very  heavy  flywheel;  and,  when  it 
has  gotten  up  to  normal  speed,  by  a  special  belt  shifting  and  tight- 
ening device,  the  engines  are  thrown  into  engagement  with  the 
shaft  and  started  by  the  momentum  of  the  flywheel.  This  arrange- 
ment is  such  as  to  cause  very  little  slipping  of  the  belts. 

The  engines  are  nominally  rated  100  horse-power  each,  and 
consist  of  two  single-acting  cylinders  arranged  one  above  the  other; 
compression   taking   place   in   one  while  the   other  exhausts,  and 
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expansion  in  one  while  the  other  draws  in  its  new  charge  of  gas 
and  air.  The  ignition  is  made  by  means  of  movable  electrodes 
interrupting  a  current  from  six  Edison  Llanda  type  G  batteries, 
each  engine  having  a  separate  set. 

The  ignition  occurs  in  each  cylinder  every  double  revolution. 
Tk  ^  governing  is  done  by  means  of  a  cam  which  opens  the  admission 
val-vc  for  the  gas  whenever  an  impulse  is  called  for. 

The  proportion  of  air  to  gas  is  regulated  by  a  metal  plate 
whicrh  adjusts  the  size  of  the  openings  of  the  gas  and  air  passages; 
the    ^as  and  air  mixing  inside  the  cylinder. 

Each  engine  was  supplied  with  a  revolution  counter  and  an 
imp>ulse  counter,  and  two  Tabor  and  two  Crosby  indicators  were 
usecJ. 

The  water  that  passed  through  the  water  jackets  was  measured 
by  a.  Worthington  Crown  meter  and  the  temperature  was  taken  be- 
fore and  after  passing  through  the  jackets.  The  temperature  of 
the    exhaust  gases  was  taken  by  means  of  a  pyrometer. 

The  large  quantity  of  watste  oil  from  the  engines  is  collected, 
filtered,  and  then  pumped  up  into  a  tank,  from  which  it  was  dis- 
trit>uted  to  the  different  bearings  by  gravity. 

Each  engine  is  supplied  with  a  balance  wheel,  and  the  counter- 
shafting  also  has  a  very  heavy  flywheel,  which  weighs  6,600  pounds 
^^^^  runs  at  500  revolutions  per  minute. 

Cylinder.  Diameter.  Stroke.  Clearance. 

^^-  2  Engine,  upper  cylinder 14. 63  inches.  2 .  102  

wo.  2       »•        lower        ••       **        "  2.092  .     . 

^,^•3      *•        upper       •*       '•        ••  2.099  29.76  per  cent. 

^®- 3      ••        lower        *•       **        **  2.094  29.48   *• 

The  power  obtained  from  the  engines  is  exclusively  used  for 
running  the  dynamos.  There  is  a  Westinghouse  constant-potential 
a^^ernate-current  machine  which  supplies  current  for  the  incandes- 
cent lights  about  the  city.  This  machine  has  an  exciter  for  its  field 
oiagnets.  There  is  also  a  Schuyler  continuous-current  machine 
furnishing  current  for  the  commercial  arc  lights. 

The  results  of  tests  are  given  in  Tables  I.  and  II. 
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ANALYSIS   OF    PRODUCER   GAS. 

Per  Cent.  Composition  of  Gas  Used  on  December  28, 


CgHf  (III ) 

O 

CO 

H 

CH. 

N 


Per  Cent. 
Volume. 

Densities. 

Weight. 

Per  Cent,  by 
Weight 

.107 

1.534 

.1631 

.1867 

.006 

.978 

.0059 

.0068 

.002 

I . 1056 

.0022 

.0025 

.169 

.973 

.1644 

.1882 

.172 

.069 

.0119 

.0136 

.006 

.559 

.0033 

.0038 

.538 

.972 

.5229 

.5984 

I. 000  X 

.8737  = 

.8737 

I. 0000 

Per  Cent,  Composition  of  Gas  Used  on  December  2q, 


CO.    

C.fle  (III.) 

o 

CO 

H 

CH. 

N 


Per  Cent. 
Volame. 


.106 
.002 

.003 

.173 

.171 
.004 

.541 


I. 000  X 


Densities. 


1.524 
.978 
I. 1056 

.973 
.069 

.559 
.972 


.8750  = 


Weight. 


.1615 
.0020 
.0033 
.1683 
.0118 
.0022 

.5259 


.8750 


Per  Cent,  by 
Weight. 


.1845 
.0023 

.0038 
.1924 

.0135 
.0025 
.6010 


I. 0000 


Per  Cent,  Composition  of  the  Gas  Used  on  December  jo. 


CO, 

C.He  (III.) 

O 

CO 

H 

CH. 

N 


Per  Cent. 
Volnme. 


.104 
.005 
.005 
.178 
.165 
.004 
.539 

I. 000  X 


Densities. 


1.524 
.978 
I. 1056 

.973 
.069 

.559 
.972 

.8796  = 


Weight 


.1585 
.0049 

.0055 
.1732 
.0114 
.0022 

.5239 
.8796 


Per  Cent,  by 
Weight 


.1802 
.0056 
.00625 

.1969 
.0130 
.0025 

.59555 
I. 00000 
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Per  Cent.  Composition  of  Gas  Used  on  December  jt. 


«9 


CO, 

g.H.  (lU.) 


Per  Cent. 
Volume. 


.Ill 
.003 
.002 
.178 
.168 
.002 

.535 


Deii«ities. 


1.524 
.978 
I . 1056 

.973 
.069 

.559 
.972 


Weight 


1. 000  X 


.8803  = 


.1692 
.0029 
.0022 
.1732 
.0117 
.0011 
.5200 


.8803 


Per  Cent,  by 
Weight 


.1923 
.0033 
.0025 
.1968 
.0132 
.0012 

.5907 


I. 0000 


The  above  analyses  were  made  by  Mr.  H.  H.  Ederton,  of  the 
^ant>ury  and  Bethel  Gas  and  Electric  Light  Company.  The  gas 
^^r  each  day's  analyses  was  taken  from  the  large  holder,  at  a 
unif  ^^yjjj  jj^^g  during  the  run,  and  collected  in  a  small  holder,  so  as 
^^  fir^t  an  average  sample. 

The  illuminants  were  taken  to  consist  entirely  of  C3H,.  The 
column  headed  "  densities  "  means  the  densities  of  the  various  con- 
8'itvi^ijjg  ^al^jjjg  air  as  unity.  These  values  were  obtained  from  a 
^P^^xn  made  by  Professor  Jacobus  on  "Water  Gas  as  a  Steam  Boiler 

I'or  every  pound  of  gas  made  there  was  .12  pound  of  steam 
^^^Wu  in. 

HEATING    POWERS   OF    THE    GAS. 


The  results  are  expressed  in  British  thermal  units  per  pound 
^^  the  gas  completely  combusted.     The  British  thermal  units  of  the 
^^rious  constituents  are  the  values  given  in  the  report  of  Professor 
3^cobus  previously  referred  to  : 

Gas  Used  on  December  28. 


CO 


British  Thermal  Units 
per  Pound. 


Per  Cent,  by  Weight. 


20,135 

4.390 

51,804 

21.593 


X 
X 
X 
X 


,0068  — 

.1882  — 

0136  — 

.0038  — 


136.9 

827.3 

704.5 
83.0 


Total  British  thermal  units  in  one  pound  of  the  gas 1,751 . 7 
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Gas  Used  on  December  2g. 


British  Thermal  Units 
per  Pound. 

Per  Cent  by  Weight 

C.H-   

20,135            X 

.0023  *■         46.3 

c6. .;:;;:; ..  .;;;.:.;.::. 

4,390         X 

.1924  <—       845.7 

H  

CH, 

51.804            X 
21,593            X 

.0135  —       699.3 
.0025  —         53.9 

Total  British  thermal  units  in  one  pound  of  the  gas 1,642.2 


Gas  Used  on  December  ^, 


cb.. 

H  ... 


British  Thermal  Units 
per  Pound. 


20,135 

4.3<;6 

51.804 

21.593 


X 
X 
X 
X 


Per  Cent  by  Weight 


.0056 
.1969 
.0130 
.0025 


112.76 

865.57 

673.45 

53.98 


Total  British  thermal  units  in  one  pound  of  the  gas 1.705.66 


Gas  Used  on  December  ji. 


BritiHh  Thermal  Units 
per  Pound. 


H.... 


20,135 

4.396 
51.804 
21.593 


X 
X 
X 
X 


Per  Cent  by  Weight 


.0033 

.1968 

0132 

,0012 


66.45 

865.13 
683.81 

25.91 


Total  British  thermal  units  in  one  pound  of  the  gas 1.641.30 


The  air  necessary  for  complete  combustion  in  pounds  per 
pound  of  gas  is  .9975  for  December  28,  .8942  pound  for  December 
29,  .9471  pound  for  December  30,  .9016  pound  for  December  31. 

The  composition  of  the  mixture  in  the  cylinder  after  explosion 
will  be: 
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December  aS. 

December  99. 

December  30. 

December  31. 

CO, 

H.O 

.256 
.069 
.675 

.261 
.068 
.671 

.262 
.066 
.672 

.268 
.065 

N 

.667 

FINDING    Y  BY   MEANS  OF  THE  SPECIFIC   HEATS. 


For  December  28. 


For  December  29. 
.2169  X  .261  —  .0566 
.4805  X  .068  —  .0326 
.2438  X  .671  —  .1635 


2537 


.2527 


(CO,  .172  X  .256  —  .0440 

Cv  -jH.O  .3694  X  .069  —  .0254 

(N   .1727  X  .C75  —  .1165 


.172  X  .261  —  .0448 
.3694  X  .068  —  .0251 
.1727  X  .671  —  .1158 


.1857 


=  1.36  for  December  28. 


.1859 
C  =  .2537 

K=^  =.1859 

Y  =1  -J  z=.  '^S^7  —  I  ,5  for  December  29. 
C       .1867  ^ 

THE    INDICATOR    DIAGRAM. 

The  two  indicator  diagrams  shown  are  actual  cards,  and  are 
good  specimens  of  the  cards  taken  during  the  test;  Fig.  i  repre- 
senting the  ordinary  card  (120-pound  spring),  with  its  ordinates 
doubled,  and  Fig.  2  a  compression  card  (20-pound  spring),  for  the 
purpose  of  obtaining  more  accurately  the  negative  work. 

To  describe  the  circle  we  will  start  at  «,  the  cylinder  being 
filled  with  the  charge  of  gas  and  air.  It  is  now  compressed  as 
shown  by  the  line  a  If  c. 

The  explosion  begins  at  ^,  and  its  effect  extends  to  ^,  and  then 
expansion  takes  place  from  d  to  ^,  at  which  latter  point  the  release 
IS  opened,  and  the  burned  gases  escape,  being  forced  out  as  repre- 
sented by  the  line  /  A,  and  finally  a  new  charge  is  drawn  in  as 
represented  from  A  to  a. 

If  the  engine  does  not  call  for  a  new  charge,  w^hich  is  regulated 
by  a  governor,  air  is  merely  drawn  in  and  compressed   and  then 
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expanded  again  along  the  compression  line  or  a  little  above  it,  the 
air  having  been  heated  by  the  hot  walls  of  the  cylinder. 


RELATION    BETWEEN    PRESSURES   AND    TEMPERATURES. 

Considering  the  expansion  to  be  that  of  a  perfect  gas,  we  have 
the  following  deductions: 

^    =  C>-C=  778  (^^  —  r,) 

=  778  (.2527  —  .1856)  =  52.126, 
/?•    =  RT  z^  52.126  T, 
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The  temperature  of  exhaust  will  be  T',. 

but  it  was  found  by  a  pyrometer  to  be  680  degrees,  a  difference  of 
33  degrees. 

The  temperature  at  the  beginning  of  expansion   Tj  is  found 
similarly: 

and  at  the  point  where  the  pressure  is  greatest  it  is  865°  Fahr. 

The  highest  temperature  is  found  to  be  midway  between  the 
last  two  points  worked  out  and  is  986 ^^  Fahr. 

If  the  gas  expanded  to  atmospheric  pressure  at  60°  Fahr.,  then 
the  final  volume  would  be: 

RT  52.126    X     520  our 

V  =  =  ^-^ —i —  =  J  2.8  cubic  feet, 

/  2,116.8 

or  more  than  half  as  large  again  as  the  volume  of  the  cylinder. 

T  is  absolute  temperature. 

EQUATIONS  OF  LINES. 

Assuming  the  expansion  and  compression  lines  to  be  adiabatic, 
we  have  the  general  expression  p^vj*  =  pf**  in  which  we  have  to 

determine  n. 

For  the  expansion  we  have: 

log.  A  +  «  log.  Vj  =z  log.  A  +  H  log.  Z'„ 

whence 

log.  A  —  log.  A 


//  = 


log.  V,  —  log.  Z'.^ 
fj  ^  log.  152.5  —  log'  53-625  __  2.1832698  —  1.7293673 

log.  7-79  — log  3.584    ~     .8915375 —  -3371^95 
'^=  1.346. 
For  the  compression 

«:=  JQg'  45  —  log'  16.248  __  1.6532125  —  1. 2107999  _   ^  ^j^ 
log.  7  79  —  log.  3-584         .8915375  — -3371695 


i 
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1.36  having  been  found  or  n  from  the  relation  of  the  specific 
heat  at  constant  pressure  and  at  constant  volume. 

THE    DISPOSITION    OF    THE    HEAT. 

In  a  gas  engine  the  heat  is  disposed  of  in  four  ways — namely, 
indicated  work,  that  lost  in  exhaust  gases,  that  lost  in  the  water 
jacket,  and  that  lost  by  radiation. 

The  indicated  work  is  found  to  be  19,756  foot-pounds  for  a 
single  cycle. 

The  foot-pounds  of  energy  lost  by  the  exhaust  gases  is  found 
as  follows: 

British  thermal  units  =  .2523  (Tj  —  rj  +  966  z£;  -f  (T^  — 
212)  .48  w  (for  one  pound  of  gas). 

British  thermal  units  =  .071  [.2523  (680°  —  60^)]  +  966  x 
.008307  -|-  .008307  X  .48  (680  —  212). 

British  thermal  units  =  21,  or  16,338  foot-pounds. 
In  the  above  equations: 

Weight  gas  used  in  cycle  =  .071  pound. 
Specific  heat  of  the  gas  =  .2523. 
Weight  of  steam  in  the  gas  =  .008307  pound. 
Temperature  of  exhaust  =  680°  Fahr. 
Specific  heat  of  steam  =  .48. 
The  heat  lost  in  the  water  jacket,  reduced  to  foot-pounds,  was 
found  to  be  42,869  foot-pounds,  leaving  15,246  foot-pounds  as  that 
lost  by  radiation,  the   total   heat   of  the   gas  being   94,217    foot- 
pounds. 

Expressed  in  per  cent,  we  have: 

Per  Cent. 

19*756  foot-pounds  indicated  heat 21.0 

16,338      '*        **        heat  lost  by  exhaust 17.3 

15,246      •*        "  ••      ••      ••   radiation 16.2 

42,869      ••         ••  ••      *'      *•    water  jacket 45.5 

94,217      "        •'        tot^l  heat  of  gas loo.o 
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EFFICIENCY. 

The  efficiency  as  rated  from  the  indicated  heat  is  36  per  cent., 
but  as  the  indicated  heat  is  only  57  per  cent,  of  that  in  the  gas,  it  is 
evident  that  it  should  be  rated  from  the  heat  of  the  gas;  and,  thus 
rated,  is  21  per  cent. 

It  was  found  that  for  the  entire  test  we  obtained  one  indicated 

horse-power  per  1.8  pounds  of  coal.     Now,  if  we  take  14,000  British 

thermal  units  as  the  heating  power  of  the  coal,  we  obtain  lo.i  per 

cent,  efficiency  as  the  efficiency  of  the  cupola  and  engines  together. 

It  was  also  found  that  for  the  entire  test  one  pound  of  coal 

made  40.0  cubic  feet  of  gas. 

DESCRIPTION    OF    BRAKE. 

For  the  Prony  brake  test  there  was  an  extra  flywheel  attached 
to  the  spokes  of  the  engine  flywheel,  and  it  was  kept  cool  by  means 
of  a  small  stream  of  water  running  on  the  inside  of  the  rim. 

On  this  was  placed  the  Prony  brake,  which  consisted  of  a  lever 
arm  84.2  inches  long,  weighing  73  pounds,  resting  on  an  edge  on  a 
platform  scale  72  inches  from  the  center  of  the  wheel.  This  lever 
arm  was  braced  by  means  of  an  arm  41)4  inches  long  weighing 
27K  pounds. 

There  were  also  10  pounds  on  the  scale  in  the  form  of  a  block 
and  knife  edge. 

The  weight  on  the  scale  was  kept  constant,  and  the  brake 
tightened  or  loosened  to  make  the  scale  balance. 

The  speed  was  fairly  constant  during  the  test,  becoming,  how- 
ever, more  irregular  with  the  heavier  loads. 

^Ve  are  indebted  to  Anson  W.  Burchard,  M.  E.,  for  his  kind 
assistance  in  conducting  the  test,  and  also  to  the  Danbury  and 
Bethel  Gas  and  Electric  Light  Company  for  the  privilege  of  making 
the  same,  and  for  many  favors  which  they  and  the  superintendents 
and  employees  so  willingly  extended  to  us. 


ALEXANDER  C.  HUMPHREYS.* 


THE  retirement  of  Mr.  A.  C.  Humphreys  from  the  position  in 
which  the  gas  fraternity  has  grown  into  knowledge  of  him,  as 
engineer  and  man,  needs  more  than  passing  notice.  It  is  not  the 
ordinary  retirement  of  a  well-known  official  from  active  business 
cares,  but  rather  the  laying  down  of  a  life-work,  for  into  the  lo 
years  which  Mr.  Humphreys  has  spent  in  the  service  of  his  com- 
pany he  has  compressed  more  hard  work  and  energy  than  the 
average  engineer  would  expend  in  his  generation,  and  the  result  of 
this  is  shown  in  the  system  which  he  leaves  behind  him,  complete, 
with  every  thread  in  exact  place  in  the  network,  a  proud  master- 
piece of  executive  skill,  and  the  use  of  brains  in  management.  If 
Mr.  Humphreys'  active  life  were  to  end  to-day,  he  could  be  justly 
proud  of  the  record  he  has  made;  but  years  and  paths  lie  before 
him,  and  from  the  past  we  are  justified  in  gauging  the  future.  Mr. 
Humphreys  has  work  before  him  which  will  test  his  abilities  and 
develop  his  strength  in  lines  other  than  those  in  which  he  has  so 
long  held  leadership. 

An  impartial  history  of  the  progress  of  water  gas  during  the 
past  20  years  must  place  in  the  foremost  rank  three  names.  These 
are  Lowe,  Granger,  and  Humphreys.  To  the  first  belongs  the  palm 
of  mechanical  success;  to  the  second,  that  of  commercial  success; 
to  the  third,  that  of  the  perfect  development  of  both  of  these.  If 
such  a  history  were  to  be  confined  to  a  single  chapter,  the  caption 
of  that  chapter  might  well  be  written:  **  Water  Gas,  Before  and 
After  Humphreys."  The  development  of  the  Lowe,  from  the  state 
of  possibilities  into  that  of  achievements,  which  has  been  wrought 
through  his  work,  merits  such  distinction  to  the  worker,  and  no 
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engineer,  with  even  a  general  knowledge  of  what  has  been  accom- 
plished in  bringing  the  manufacture  of  water  gas  to  the  status  of 
to-day,  would  question  the  justice  of  such  a  caption.  The  minutiae 
of  the  processes  by  which  this  result  has  been  accomplished  are 
best  understood  by  those  who  are  left  to  continue  the  work;  the 
general  scope  is  known  to  all;  and  in  this  knowledge  we  make 
judgment. 

In  the  accompanying  sketch  will  be  found  the  simple  state- 
ment of  how  this  work  was   accomplished,  and  of  some  of  the 
difficulties  under  which  the  worker  labored.     While  this  sketch  will 
bcof  general  interest  in  giving  more  than  has  before  been  given 
of  a  career  in  which  the  gas  men  of  this  country  justly  take  pride, 
its  chief  value  will  lie  in  the  lesson  it  holds  for  the  new  beginner, 
who  is  timidly  treading  the  path  which  Mr.  Humphreys  has  shown 
can  lead  to  brilliant  success.     This  lesson  is  twofold.     In  the  first 
place,  it  shows  that  engineering  studies  can  be  successfully  pursued 
and  without  loss  of  time  under  the  pressure  of  everyday  work  and 
all  the  vicissitudes  that  beset  the  life  of  a  gas  works  superintendent. 
In  the  second  place,  it  teaches  the  benefit  of  a  grounding  in  prac- 
tical work,  either  commercially  or   otherwise,  as  a  basis  for  the 
building  of  a  successful  engineering  career.     Perhaps  this  latter 
lesson  is  one  that  needs  appreciation,  not  only  by  the  beginner,  but 
by  the  older  ones  among  us  who  are  too  apt  to  disregard  the  value 
ot  such  a  combination. 

It  is  a  satisfaction  to  Mr.  Humphreys'  friends  to  know  that  his 
health,  which  was  severely  threatened  a  few  years  ago,  has  been 
completely  restored,  and  that  he  steps  from  his  old  life  into  the 
new  with  the  full  vigor  of  physical  and  intellectual  manhood.  In 
this  new  life  he  will  have  the  well-wishes  of  all  honest  gas  men. 


Alexander  Crombie  Humphreys  was  born  in  Edinburg,  Scot- 
land, March  30,  185 1,  of  English  and  Canadian  parentage.  With 
his  parents  he  came  to  this  country  in  the  fall  of  1859,  the  family 
residing  in  Boston,  where  young  Humphreys  attended  school  until 
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the  fall  of  1864,  when  he  was  between  13  and  14  years  of  age.  Pre- 
vious to  this  time,  he  had  obtained  an  appointment  to  the  United 
States  Naval  Academy,  and  had  passed  a  test  examination  for  en- 
trance, but  when  it  was  ascertained  that  he  was  less  than  16  years 
of  age,  he  was  not  permitted  to  enter.  He  left  school  and  be- 
gan a  business  life,  ostensibly  waiting  for  the  necessary  time  to 
elapse  before  he  could  be  admitted  to  the  Academy.  But,  event- 
ually, he  drifted  away  from  the  idea  of  entering  the  naval  service. 

This  first  entrance  into  business  life  was  in  an  insurance  office 
in  Boston.  Shortly  after,  the  company  becoming  financially  em- 
barrassed, young  Humphreys,  finding  himself  out  of  a  situation, 
went  to  New  York  City,  where,  in  the  fall  of  1866,  he  obtained  a 
position  as  junior  clerk  in  the  New  York  Guarantee  and  Indemnity 
Company.  With  this  company  he  remained  until  the  spring  of  1872, 
having  in  the  meanwhile  risen  to  be  receiving  teller  and  assistant 
general  bookkeeper. 

For  a  year  previous  to  this  latter  date,  Mr.  Humphreys  had 
been  acting  as  Secretary  to  the  Building  Committee  of  the  Bayonne 
and  Greenville  Gas  Light  Company,  of  Bayonne,  N.  J.,  a  company 
which  had  just  been  organized  to  supply  gas  to  Bayonne  City. 
Upon  the  completion  of  the  works,  he  was  asked  to  become  secre- 
tary of  the  company  and  to  take  charge  of  its  business  interests. 
For  a  long  time  he  had  felt  strong  inclination  toward  things  practi- 
cal, in  spite  of  no  direct  family  influences  in  that  direction,  his  father 
being  a  fine  classical  scholar  and  devoted  to  classical  pursuits,  and 
he  had  developed  a  strong  tendency  toward  the  use  of  tools  and 
appliances,  in  which,  however,  he  found  but  little  time  or  oppor- 
tunity for  practice.  The  offer  of  the  Bayonne  company,  presenting 
to  some  extent  such  an  opportunity,  was  accepted,  and  accordingly 
just  22  years  ago,  at  the  age  of  21,  iMr.  Humphreys  entered  the  gas 
business  as  a  practical  factor.  At  the  end  of  the  first  year  of  busi- 
ness, the  Bayonne  and  Greenville  Company  decided  to  reduce  ex- 
penses, and  Mr,  Humphreys  was  asked  to  assume  full  charge  of  the 
works  as  Secretary  and   Superintendent.     It  was,  therefore,  in  this 
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little  works  and  with  this  little  company  that  the  educational  work 
that  has  given  Mr.  Humphreys  his  present  standing  began. 

In  the  spring  of  1872  Mr.  Humphreys  had  married  Eva, 
daughter  of  the  late  Dr.  Emile  Guillaudeu.  They  have  two  chil- 
dren, a  daughter,  born  in  1873,  and  a  son,  born  in  the  fall  of  the 
first  year  in  Stevens,  1877. 

Gradually  becoming  convinced  that  something  more  than  an 
ordinary  liberal  education  was  needed  to  insure  genuine  progress 
in  his  now  chosen  work,   Mr.   Humphreys  consulted   Dr.  Henry 
Morton,  President  of  the  Stevens  Institute  of  Technology,  who 
told  him  that,  with  a  man  of  determination,  it  would  not  be  impos- 
sible to  go  through  the  entire  course  of  Stevens  without  relinquish- 
ing his  position  with  the  gas  company,  although  he  thought  that  it 
would  most  probably  require  six  years  for  the  completion  of  the 
full  four  years'  course.     The  directors  of  the  gas  company  readily 
granted  permission  for  an  absence  of  two  mornings  in  each  week, 
thus  enabling  their  Superintendent  to  attend  the  most  necessary 
lectures  at   Stevens,  and  to  keep  track  of  the   regular  work   of 
classses.    Mr.  Humphreys  threw  himself  into  this  work,  attended 
in  full  all  reviews  and  examinations,  doing  the  greater  part  of  his 
collegiate  work  at  night,  and  being  substantially  a'ded,  so  far  as 
his  routine  of  gas  duties  was  concerned,  by  Mr.  C.  J.  R.  Humph- 
reys, who  had  by  this  time  gotten  well  into  the  gas  harness.     En- 
tering Stevens   in   the    fall   of    1877,    the    Superintendent-student 
surpassed  the  expectations  of  Dr.   Morton  in  graduating  in  1881, 
consuming  only  the    regular  four   years'    course,   although,  in  so 
^oing,  he  found  tor  the  first  time  that  he  had  nerves. 

In  a  recent  letter,  Dr.  Morton  refers  to  the  unusual  progress 
niade  by  Mr.  Humphreys,  and  quotes  from  the  minutes  of  the 
Faculty  of  Stevens,  under  date  of  June  n,  1881,  the  following 
resolution  presented  by  Professors  Wood  and  Mayer: 

Whereas,  Mr.  Humphreys,  who  now  graduates,  has  been 
occupied  as  an  officer  of  a  gas  company  in  a  neighboring  city,  and 
also  as  an  officer  in  the  School  Board;  and 
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Whereas^  he  has  in  addition  to  his  outside  labors  completed 
our  course  mih  honor  and  earned  a  high  standing  in  his  class; 
therefore 

Resolved^  That  we  express  to  him  our  appreciation  of  his 
efforts  and  our  satisfaction  at  his  success. 

Dr.  Morton  also  notes  the  fact  that  "on  December  23,  1891, 
the  Board  of  Trustees  of  the  Institute,  which  had  consisted  since 
its  origin  in  1870  of  only  three  members,  was  increased  by  the 
election  of  Mr.  Humphreys,  in  company  with  Messrs.  Andrew 
Carnegie,  Charles  MacDonald,  E.  N.  Stevens,  and  Chancellor  A. 
T.  McGill."  This  election  constitutes  a  life  membership  of  the 
Board. 

Mr.  Humphreys  served  one  term  as  President  of  the  Stevens 
Alumni  Association,  and  at  the  Commencement  of  last  year  de- 
livered the  Address  to  the  Graduating  Class. 

Mr.  Robert  M.  Dixon,  Manager  of  the  Pintsch  Company, 
writes  of  his  old  classmate:  **  I  first  knew  him  in  1877,  when  he 
entered  the  Freshman  Class  of  Stevens;  and  throughout  the  course 
he  stood  head  and  shoulders  above  any  other  member  of  the  class." 

In  the  meantime,  and  while  going  through  Stevens,  Mr. 
Humphreys  had  become  strongly  identified  with  local  interests. 
For  several  years  he  was  Superintendent  of  the  Sunday  School  of 
Trinity  Episcopal  Church,  member  of  the  vestry  and  Treasurer  of 
the  same  church.  For  four  years  he  was  a  member  of  the  Bayonne 
Board  of  Education,  and  for  a  portion  of  his  residence  in  Bayonne, 
Foreman  of  the  Volunteer  Fire  Company,  besides  serving  other 
lesser  local  interests. 

In  the  fall  of  1881  he  accepted  the  position  of  Chief  Engineer 
of  the  Pintsch  Lighting  Company,  in  which  position  he  remained 
for  about  3)2  years,  finally  resigning  because  those  who  were  con- 
trolling the  company  were  not  willing  to  work  along  the  liberal 
lines  necessary  to  the  proper  development  of  business.  While  in 
this  position  Mr.  Humphreys  built  many  small  gas  works  and 
obtained  considerable  experience  in  railroad  car  equipment,  etc. 
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During  this  time  he  also  conducted  much  experimental  work.      On 
leaving  the  Pintsch  Company  he  was  offered  a  number  of  proposi- 
tions, finally  accepting  the  position  of  Superintendent  of  Construc- 
tion of  the  United  Gas  Improvement  Company,  joining  that  com- 
pany January  2,  1885.     A  few  months  later  he  was  made  General 
Superintendent.     In  this  position  Mr.  Humphreys  has  built  up  the 
present  system  of  management  of  controlled  companies  that  is  the 
admiration  of  gas  men  throughout  the  world,  and  which  enables 
the  company's  small  army  of  employees  to  be  worked  as  a  unit.     In 
1885   the   company  had    practically  no   well-defined   system    for 
managing  its  various  properties,  which  at  that  time  numbered  less 
than  10.     During  the  next  one  or  two  years,  while  the  new  system 
was  being  developed,  more  than  20  works  were  added  to  the  above 
number. 

The  development  of  the  Humphreys  system,  which  is  the  chief 
distinguishing  work  of  its  author,  had  to  be  undertaken  without 
any  guide  in  the  way  of  previous  experience,  and  nothing  to  copy 
after.  Those  who  have  known  Mr.  Humphreys  for  the  past  10 
years  know  what  a  severe  strain  the  first  four  or  five  years  of  this 
work  was  upon  him.  Working  literally  night  and  day,  with  about 
half  his  time  spent  in  this  city,  and  the  other  half  in  visiting  the 
various  stations  of  the  company,  with  the  labor  of  uniting  so  many 
different  elements  and  different  methods  into  a  consistent  working 
whole,  there  was  little,  if  any,  time  for  rest.  Almost  at  once,  upon 
taking  charge  as  General  Superintendent,  Mr.  Humphreys,  bearing 
in  mind  his  own  early  difficulties,  laid  down  the  plan  of  building  up 
a  corps  of  technically  educated  assistants.  This  added  severely  to 
^he  strain  of  these  early  years,  as  the  young  men  chosen  were 
graduates  from  Stevens  and  other  colleges,  necessarily  inexperienced 
*"  practical  work,  who  were  put  through  a  regular  course  of  train- 
'"?  as  gas  engineers  and  managers.  While  this  course  of  proce- 
dure made  more  work  for  its  originator  at  the  start,  it  finally  re- 
sulted in  the  development  of  the  present  corps  distinguished  for  its 
efficiency. 
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Wh^n  Mr.  A.  O.  Granger  severed  his  connection  with  the 
United  Gas  Improvement  Company,  the  department  for  sales  of 
water  gas  apparatus  was  given  into  charge  of  Mr.  Humphreys,  and 
about  the  same  time  he  was  also  given  charge  of  the  commercial 
branch  of  operating  department,  including  the  purchasing  depart- 
ment. Those  who  know  something  of  the  detailed  work  necessary 
in  the  proper  manipulation  of  one  good-sized  gas  company,  will  be 
able  to  appreciate  from  the  foregoing  the  amount  of  work  which 
Mr.  Humphreys  has  carried,  and  carried  successfully,  during  his 
nearly  lo  years  of  service  with  his  present  company.  His  greatest 
success,  however,  has  been  in  bringing  the  system  he  inaugurated 
to  its  present  state  of  perfection,  where  the  force  in  charge  is  well 
qualified  to  carry  on  its  necessary  work  without  his  leadership,  and, 
consequently,  he  is  enabled  to  feel  that,  in  obeying  his  personal 
wishes,  he  is  not  subjecting  the  affairs  of  his  company  to  any 
embarrassment.  His  resignation,  tendered  in  April,  will  take 
effect  in  August  next,  within  five  months  of  a  rounded  lo  years* 
service. 

The  following  resolutions  were  unanimously  adopted  at  the 
sixth  annual  meeting  of  superintendents  of  the  United  Gas  Im- 
provement Company,  Philadelphia,  April  21,  1894: 

Whereas^  Alexander  C.  Humphreys,  General  Superintendent 
of  the  United  Gas  Improvement  Company,  has,  at  this  meeting  of 
superintendents,  engineers,  and  other  employees  assembled,  an- 
nounced his  resignation  and  withdrawal  from  the  service  of  the 
company;  and 

Whereas^  This  announcement  is  received  by  us  with  profound 
and  heartfelt  regret,  it  is  herewith 

Resolved^  That  this  occasion  be  taken  to  express  to  Mr.  Hum- 
phreys our  deep  regret  at  the  severance  of  the  present  relations; 
that  we  herewith  convey  to  him  the  expression  of  our  admiration, 
esteem,  and  affection  for  him  as  a  man;  and  that  we  extend  to  him 
our  heartfelt  wishes  for  his  success  in  whatever  lines  of  work  he 
may  hereafter  engage. 

To  the  building  up  of  a  business  to  be  carried  out  on  lines  that 
ere  a  departure  from  existing  precedents,  there  was  required  a 
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man  of  unusual  foresight,  ability,  and  clearness  of  purpose.  In  the 
development  of  the  United  Gas  Improvement  Company,  under  Mr. 
Humphreys,  we  recognize  the  logical  outcome  of  such  ability  and 
the  work  of  a  natural  leader  and  of  a  manager  foremost  in  his  pro- 
fession, and  we  believe  that  the  working  organization  that  he  has 
perfected  stands  to-day  the  best  and  most  enduring  monument  to 
his  labors. 

A  conscientious  worker,  rarely  skilled  in  his  profession,  inde- 
fatigable, and  earnest  in  purpose,  he,  more  largely  than  has  any 
other  one  person,  has  been  the  factor  that  has  brought  the  United 
Gas  Improvement  Company  to  its  present  enviable  position  in  the 
gas  world;  to  a  point  wherein  its  integrity,  rank,  and  purpose  is 
recognized,  and  where  connection  with  it  is  an  honor  to  every  man 
of  us  here  assembled. 

But  while  we  recognize,  as  above,  the  business  ability  of  Mr. 
Humphreys,  there  is  yet  a  deeper  and  a  sweeter  attraction  that 
draws  us  all  to  him,  and  that  makes  the  pain  of  losing  him  the 
greater,  and  that  is  his  integrity,  his  individuality,  his  personality, 
and  his  magnetism  as  a  man.  Rarely,  indeed,  is  seen  a  man  so 
conscientious  in  his  efifort  to  meet  his  responsibility  to  his  employ- 
ers; so  keenly  appreciative  of  earnest  work;  so  impartial  in  his 
judgment;  so  constant  and  so  successful  in  the  effort  to  act  with 
fairness  to  all.  Of  no  man  can  it  more  truly  be  said,  "  He  is  a  man 
of  honor,  integrity,  and  justice.*' 

To  the  younger  men  of  us  his  example  is  one  for  admiration 
^f^d  inspiration,  showing  the  possibilities  of  a  man.  To  the  older 
"^en  here  assembled  who  have  known  him  during  years  of  associa- 
tion and  of  ever-increasing  respect,  there  is  but  admiration  at  his 
unswerving  adherence  to  his  principles  and  belief,  for  his  constant 
kindliness,  his  daily  living  of  the  Golden  Rule.  In  his  new  fields 
of  labor  the  united  good  wishes  of  this  assembly  go  out  to  him  for 
his  success,  joined  with  the  earnest  hope  for  continuance  to  him  of 
good  health. 

Again,  in  losing  him  we  express  the  unanimous,  profound,  and 
heartfelt  regret  of  every  man  among  us,  for  in  working  with  him 
^e  have  learned  to  love  him.     It  is  further 

Resolved,  That  a  suitable  and  permanent  copy  of  this  preamble 
and  resolution  be  prepared  and  transmitted  to  Mr.  Humphreys  in 

commemoration  of  this  occasion. 

J.  H.  Keppelman,  Chairman. 
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In  seconding  the  adoption  of  these  resolutions  Mr.  S.  T. 
Bodine,  General  Manager  of  the  United  Gas  Improvement  Com- 
pany, spoke  as  follows:  **My  lips  are  often  dumbest  when  my  heart 
speaks  loudest.  No  one  knows  this  better  than  my  very  dear  friend, 
Alexander  C.  Humphreys.  The  beautiful  and  touching  words  in 
which  your  committee  have  expressed  our  feelings,  and  in  which 
those  who  have  spoken  have  emphasized  those  expressions,  need  no 
addition  from  me;  but  I  must  add  my  personal  tribute.  I  am 
satisfied  that  no  one  man  has  done  so  much  to  place  the  United 
Gas  Improvement  Company  where  it  stands  to-d^y  as  Mr. 
Alexander  C.  Humphreys.  By  training,  by  natural  aptitude,  he 
has  been  peculiarly  fitted  to  combine  the  commercial  and  engineer- 
ing management  of  our  business,  and  this  very  fact  has  brought 
him  into  closer  touch  with  every  man  in  the  service  than  it  has 
been  the  privilege  of  any  other  man  to  be  brought.  Certainly  the 
greatest  element  of  success  in  this  life  is  character;  to  build  up  a 
true  character  in  ourselves  and  help  our  fellow  men  to  build  up  their 
characters.  They  say  that  corporations  have  no  souls,  but  I  don't 
believe  it.  The  soul  of  a  corporation  is  the  composite  soul  of 
those  who  represent  it;  and  certainly  no  corporation  in  this  broad 
land  has  a  nobler,  broader  soul  than  is  represented  in  the  charac- 
ters of  the  men  that  Mr.  Humphreys  has  drawn  together  around 
him  in  the  management  of  this  business.  He  has  not  been  satisfied 
with  impressing  his  influence  on  you,  and  learning  to  know  each 
one  of  you  individually,  but  he  has  worked  away  on  what  he  has 
often  found  to  be  very  rocky  soil,  on  the  hearts  of  the  President 
and  General  Manager,  so  that  we  have  come  to  know  you,  not  by 
the  cold  figures  of  the  chart,  but  as  individual  men — each  one  with 
his  own  particular  capacity  and  his  own  particular  strong  and  weak 
points.  Beside  the  element  of  character  there  must  be  the  element 
of  life.  Mr.  Humphreys  has  selected  in  days  gone  by,  as  assistants 
in  the  development  of  the  business,  two  good  and  true  men,  worthy 
in  every  respect  to  take  up  the  mantle  that  he  lays  down — Walton 
Clark,   as  General  Superintendent,  in  charge  of  the  engineering 
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department,  and  Lewis  Lillie,  as  Comptroller,  in  charge  of  the  com- 
mercial department. 

"  Mr.    Humphreys,   in   the  trials  and  rebuffs  and  disappoint- 
ments that  are  to  befall  you,  as  befall  all  of  us  they  must,  you  will 
have  no  truer  sympathizers  than  we.     We  know  how  bravely  you 
will  bear  them.     In  the  great  successes  that  we  hope  and  believe 
are  in  store  for  you,  there  will  be  no  heartier  plaudits  than  those 
which  come  from  your  old  friends  who  rally  under  the  banner  of 
the  United   Gas   Improvement   Company.     We   can    pay  you    no 
greater  compliment,  I  know,  than  to  promise  you  that  we  will  not 
rest  satisfied  with  the  standard  you  have  established,  but  will  do  our 
utmost  to  elevate  it." 

During  the  year  1890,  Mr.  Humphreys  visited  Europe  in  the 
interests  of  the  United  Gas  Improvement  Company.  Shortly  after 
Ms  return,  the  Gas  Light  and  Coke  Company,  of  London,  con- 
tracted with  the  United  Gas  Improvement  Company  for  a  water 
gas  plant  for  its  Beckton  works.  Mr.  A.  G.  Glasgow,  General  In- 
spector, was  sent  over  to  erect  this  plant.  Some  time  later,  Mr. 
Glasgow  left  the  company,  finally  returning  to  England,  Mr. 
Humphreys  later  ioining  forces  with  him,  and  the  firm  of  Humph- 
reys &  Glasgow  was  established.  This  firm  began  its  career  by  the 
erection  of  a  double  plant  in  Copenhagen.  Since  then,  plants  have 
been  erected,  or  are  in  course  of  construction,  for  Glasgow,  Bel- 
fast, Brussels,  Liverpool,  and  Tottenham.  Following  the  course 
originated  in  the  case  of  the  United  Gas  Improvement  Company, 
Messrs.  Humphreys  &  Glasgow  have  gathered  around  them  a 
group  of  well-educated,  well-balanced,  common-sensed  engineers, 
and  the  force  is  described  by  a  prominent  British  gas  manager  as 
being  already  a  most  efficient  one. 

He  has  contributed  several  substantial  papers  to  the  gas  literature 
of  the  country,  the  principal  of  these  being  "  Water  Gas  in  the  United 
States,"  which  was  presented  before  the  British  Association  for  the 
Advancement  of  Science,  at  the  request  of  the  President  of  its  Me- 
chanical Section,  in  1889,  and  afterwards  republished  in  book  form. 
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The  system  of  lighting  schedules,  prepared  by  him,  has  for 
several  years  been  acknowledged  as  standard,  and  at  the  present 
time  it  is  probable  that  three-fourths  of  the  gas  and  electric  light- 
ing companies  of  the  country  follow  the  hours  set  in  the  Humph- 
reys schedules. 


COMMENCEMENT    WEEK. 


CLEAR  skies  and  typical  June  weather,  to  which  July  had, 
however,  advanced  liberally  of  her  heat,  favored  the  Class  of 
'94  and  the  alumni  and  friends  of  Stevens  who  had  the  opportunity 
of  participating  in  the  events  of  Commencement  Week. 

Rev.  William  R.  Jenvey,  pastor  of  St.  Paul's  Protestant  Epis- 
copal Church,  Hoboken,  delivered  the  Baccalaureate  Sermon  at  10 
A.  M.,  Sunday,  June  17,  taking  for  his  text,  i  Kings  xii.  28. 

Monday  was  Class  Day,  and  the  exercises  began  at  3  p.  m. 
with  the  planting  of  an  ivy  near  the  window  of  President  Morton's 
office.  Mr.  Rosenbusch,  on  behalf  of  his  class,  made  the  presenta- 
tion speech,  closing  with  the  modest  hope:  "  May  we  in  our  profes- 
sion and  the  ivy  in  its  growth  keep  pace  with  each  other,  so  that 
when  we  return  as  proud  sons  of  Stevens  we  shall  see  her  walls 
covered  with  the  clinging  vine  our  class  has  planted." 

President  Morton,  in  the  name  of  the  Institute,  accepted  the  ivy 
and  said: 

"  This  ivy  which  you  have  planted  will  furnish  an  agreeable 
and  appropriate  memorial  and  reminder  of  the  Class  of  '94. 


Commencement  Week,  209 

**  When  I  look  at  it  in  the  bright  days  of  spring  and  summer  it 
will  recall  the  verdant  freshness  which  from  time  to  time  has  de- 
lighted all  of  your  instructors,  and  when  amid  the  storms  of  winter 
I  see  it  firmly  holding  to  its  place  and  successfully  resisting  the 
onslaughts  of  the  wind  and  rain,  I  shall  think  of  the  many  success- 
ful struggles  in  which  you  have  overcome  the  difficulties  of  your 
road  to  Parnassus.     As  when  you  forced  your  way  through  the 
mathematical  hedge,  Bristoling  though  it  was  with  difficulties,  and 
tangled  with  cunningly-spun  Webbs  of  analytical  mechanics,  and 
when  you  traversed  the  dark  and  dangerous  Wood  infested  with 
Thermodynamics,   Indicators,   Valve   Gears,    and    like    designing 
monsters  of  Engineering. 

"  But  you  have  escaped  all  and  are  now  safe,  if  not  without 
many  a  wound  and  Dent-on  your  armor. 

"  In  conclusion  let  me  hope  that  this  ivy  may  be  a  symbol  for 
the  future  as  it  is  a  memento  of  the  past.  As  in  its  tender  youth  it 
will  oive  support  and  Irainmg  to  the  walls  of  the  Institute,  but  in  its 
maturity  will  decorate  them  with  its  leaves  and  branches,  so  may 
you  who  have  received  your  training  within  these  walls  one  day 
crown  them  with  the  honorable  wreaths  won  by  you  in  successful 
contests  with  the  world  and  nature  in  your  professional  careers.*' 

At  the  conclusion  of  these  ceremonies  the  assembled  company 
proceeded  to  Castle  Point,  whose  shady  and  delightful  lawn  Mrs. 
Stevens  had  invited  the  class  to  enjoy  in  their  Class  Day  exercises. 
Mr.  Angell  bade  welcome  to  "Our  parents,  our  sisters,  our 
friends,  and  our  friends*  sisters.*'  Mr.  Oppermann  called  the  class 
^oH,  disclosing  the  absence  of  several  of  its  members. 

The  class  history  was  related  by  Mr.  Lawton,  all  important 
events  being  cursorily  reviewed. 

Music  by  the  Mandolin  Club  was  then  followed  by  the 
''Invocation  "  by  Mr.  Hartpence. 

Gifts  to  the  members  of  '94  were  bestowed  by  Mr.  MacCord, 
^ith  all  necessary  explanations  to  the  recipients  and  their  acquaint- 
ances of  the  appropriateness  of  each  present  to  its  recipient. 
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Mr.  Lozier  delivered  the  class  prophecy,  a  farewell  song  was 
sung  by  the  class,  and  a  parting  yell  closed  the  exercises. 

President  Morton  then  extended  a  very  cordial  invitation  from 
Mrs.  Stevens  to  all  present  to  partake  of  refreshments  served  on 
the  veranda. 

By  8  p.  M.  it  was  evident  that  '96  had  made  exceptional  prep- 
aration for  the  cremation  of  Calculus. 

With  costumes,  decorations,  fireworks,  and  noise  unlimited, 
the  procession  served  unquestioned  notice  on  the  residents  of 
Hoboken's  principal  streets  that  High  Court  was  about  to  open 
at  Stevens  Institute. 

The  guilty  one  suffered  the  penalty,  and  all  who  did  not  suffer, 
rejoiced. 

The  scene  of  rejoicing  was  quickly  transferred  from  the  Campus 
to  the  physical  laboratory,  where  President  Morton  received  the 
undergraduates. 

From  four  to  seven  on  Tuesday  the  Rho  Chapter  of  Delta 
Tau  Delta  held  a  reception  at  the  Chapter  house,  1034  Bloomfield 
Street,  which  proved  a  highly  enjoyable  occasion. 

The  Class  of  '94  met  for  their  farewell  dinner  at  8.30  p.  m.  on 
Tuesday,  at  Busch's  Hotel. 

On  Wednesday  afternoon,  June  20,  President  and  Mrs.  Morton 
held  their  annual  reception  to  the  Faculty,  Alumni,  and  Under- 
graduates. 

Mrs.  Morton  was  assisted  by  Mrs.  Frank  Stevens,  Mrs.  Richard 
Stevens,  Mrs.  McGill,  Mrs.  J.  Bryan,  Miss  Duer,  Miss  Humphreys, 
and  Miss  Pickhardt. 

The  annual  meeting  of  the  Alumni  Association  was  held  the 
same  evening. 

Commencement  Exercises  were  held  on  Thursday,  June  21,  at 
8  p.  M.  at  the  Hoboken  Theater.  The  house  was  well  filled,  the 
music  exceptionally  fine,  and  the  programme  smoothly  carried  out. 

Rev.  William  R.  Jenvey  opened  with  a  prayer  and  President 
Drton  made  appropriate  introductory  remarks. 
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Mr.  Joseph  G.  H.  Cottier  delivered  the  following 

SALUTATORY. 

'^  Mr,  President^  the  Faculty y  Trustees^  Fellow  Students^  and 
Friends:  To-night  my  classmates  of  1894  have  the  sweet  but  sad 
pleasure  of  bidding  you  welcome  to  the  exercises  which  mark  their 
farewell  to  old  Stevens,  to  the  dear  old  Stevens,  that  we  have  all 
learned  to  love  and  cherish  in  the  short  four  years  we  have  spent 
within  her  walls. 

"  The  hour  for  which  we  have  longed  has  at  length  arrived,  and 
its  bright  anticipations  are  about  to  be  realized.  Once  more  and  for 
the  last  time  the  walls  of  our  beloved  institution  have  resounded  to 
the  tread  of  our  feet.  To-night  we  bid  you  a  hearty  welcome  to 
participate  with  us  in  the  exercises  attendant  upon  reaching  the 
goal  of  our  ambition,  for  which  we  have  struggled  during  the  past 
four  years — the  greatest  of  all  events  in  the  life  of  an  under- 
graduate— the  presentation  of  his  diploma. 

"This  wonderful  diploma  was  as  a  distant  star  to  the  innocent 

Freshman,  which  would  give  to  the  possessor  a  talisman  of  indeter- 

niinate  power.     To  the  wiser  Sophomore  that  star  was  the  guardian 

angel  which  helped  him  to  survive  the  onslaught  of  the  fearful 

calculus.     To  the  Junior,  it  waxed  and  grew,  and  as  barrier  after 

harrier  was  removed,  in  the  shape  of  examinations  passed,  he  began 

^0  have  some  hopes  of  some  day  possessing  it,  until  at  last  as  Seniors, 

^nd  with  the  last  ordeal  of  thermodynamics  over,  we  felt  it  quite 

^vithin  our   grasp.     Nor   has   the   value   of  this   wonderful   thing 

diminished,  as  we  grew  nearer  to  its  possession,  else  we  long  ago 

would  have  given  up  the  Herculean  task  of  seeking  to  obtain  it. 

"The  Class  of  '94  has  charged  and  carried  the  fort;  the  prize  has 
been  fairly  won;  but  after  the  charge,  as  we  look  backward,  we 
find  the  victory  has  cost  us  dear.  We  count  our  dead,  our  wounded, 
and  our  missing.  Scarcely  half  of  those  who  matriculated  with  us 
four  years  ago  are  here  to-night,  although  new  recruits  have  been 
received  on  the  way.  Some  of  us  have  sought  other  pursuits,  some 
have  been  compelled  to  give  up  the  task  because  of  failing  health. 
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**  But  there  are  others  whose  footprints  ceased  upon  the  sands  of 
time,  when  ours  continued,  and  whom,  indeed,  unless  they  are  here 
now  with  that  silent  tread  which  leaves  no  sound  upon  the  air,  no  cir- 
cumstance of  earthly  time  or  place  can  ever  restore  to  us.  A 
thought  of  sympathy  for  those  who  should  be  with  us  to-night,  but 
are  not,  can  surely  not  be  amiss  now  in  the  hour  of  our  success, 
although  our  hearts  are  filled  with  the  brightest  hopes  for  the  future. 

"  I  have  heard  it  said  by  one  who  knew  from  personal  experience 
that  when  a  young  man  started  out  in  professional  life  he  was 
thoroughly  imbued  with  the  idea  that  his  particular  function  in  life 
was  to  revolutionize  the  world,  that  the  combined  wisdom  of  cen- 
turies was  as  nothing  compared  to  the  marvelous  advances  to  be 
made  in  art,  literature,  and  science  by  the  operation  of  his  mighty 
intellect,  and  that  the  world  had  only  been  awaiting  his  advent  to 
emerge  from  darkness  into  life.  In  a  few  years,  however,  the 
youthful  illusion  is  dispelled,  the  self-confidence  is  gone,  and  he 
finds,  often  to  his  mortification,  that  there  were  others  before  him 
who  really  did  know  as  much  as  he  does.  But,  my  classmates, 
there  is  another  side  to  the  picture.  That  same  vaulting  ambition, 
that  same  youthful  enthusiasm,  if  continued,  when  toned  by  ex- 
perience and  maturity,  is  what  makes  the  graduate  of  to-night  a 
potent  factor  in  the  affairs  of  the  world,  in  years  to  come,  an  honor 
to  his  Alma  Mater  and  a  worthy  example  to  succeeding  classes. 
To  the  men  of  '94,  I  trust  that  there  will  come  no  rude  awakening 
in  time  to  dispel  their  brilliant  dreams.  A  wide  field  has  suddenly 
opened  up  before  us,  and  each  man  should  be  forgiven  his  bright 
reveries  of  success  therein,  for  such  are  not  ill-founded,  if  we  can 
judge  by  those  who  have  gone  before  us,  blessed  and  fortified  with 
an  education  at  Stevens  Institute. 

"  This  night  we  will  receive  our  diplomas,  and  to-morrow  will  be 
launched  forth  upon  the  world,  to  do  battle  for  our  bread,  and  to 
seek  a  niche  in  Fame's  lofty  temple,  to  woo  Fortune  in  a  world 
where  the  survival  of  the  fittest  is  the  law  paramount.  We  enter 
upon  a  new  career  where  we  will  be  called  upon  to  apply  what  little 


Commencement  Week,  213 

knowledge  we  have  acquired  at  the  cost  of  so  many  burnings  of 
the  midnight  oil. 

"  We  may  picture  to  ourselves  the  knowledge  of  mankind  as  a 

palace  where  each  room  is  devoted  to  the  advancement  of  some 

branch  of  teaching,  with  cross  passages  and  corridors  connecting 

the  chambers,  until  a  layman  would  be  bewildered  in  the  maze — some 

of  the  rooms  still  unknown,  and  some  still  resisting  man's  greatest 

efforts  to  effect  an  entrance.     Through  such  a  place  we  have  just 

passed,  guided  through  its  halls  by  a  kind  Faculty;  but  the  utmost 

they  could  do  for  us  was  to  throw  open  the  door  of  some  chamber, 

that  we  might  get  a  glimpse  of  the  vast  and  wonderful  interior, 

only  to  close  again  its  portals,  as  we  were  hurried  on  to  some  other 

and  still  more  wonderful  science. 

"  After  having  been  permitted  to  peep  into  those  chambers  that 
the  wisdom  of  our  preceptors  deemed  most  important,  we  are  now 
at  the  end  of  our  inspection  trip — practically  on  the  threshold  of 
our  education — and,  looking  backward,  we  are  soon  to  make  our 
choice.  Each  one  of  us  has  been  captivated  by  the  plans  of  some  of 
its  chambers,  and  to-morrow  will  hasten  to  its  entrance  in  order 
^hat  he  may  be  admitted  and  labor  there  until  he  shall  have  graven 
^is  name  in  flaming  letters  upon  the  indelible  page  of  science,  or 
until  an  Almighty  Providence  shall  call  him  to  that  other  and 
grander  palace,  the  palace  of  everlasting  joy. 

"And  now,  my  classmates,  let  us  hope  that  when  to-morrow's 
sun  shall  gild  the  tower  of  Stevens  Institute,  we  may  each  go  forth 
to  our  chosen  duties,  strengthened  and  purified  by  this  sweet  final 
communion  with  our  past,  and  with  nobler  aspirations  for  the 
future." 

The  address  to  the  graduating  class  was  made  by  Mr.  J . 
Hector  Fezandie,   '75,  on 

THE    MORAL     INFLUENCE     OF     A     SCIENTIFIC     EDUCATION. 

^"Mr,  President^  Ladies  and  Gentlemen:  I  suppose  that  on  an 
occasion  of  this  kind  the  speaker  is  expected  to  prepare  some  sort 
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of  a  dissertation  on  *  How  to  Become  a  Millionaire,'  or  *  How  to 
Acquire  Fame.'  If  so,  President  Morton's  selection  of  a  speaker 
in  this  instance  has  been  most  felicitous.  I  know  of  no  one  better 
equipped  than  myself  to  treat  these  subjects.  There  is  perhaps 
only  one  other  subject  which  I  feel  I  could  expatiate  upon  with 
equal  freedom  from  bias  or  prejudice,  upon  which  I  know  I  could 
give  such  valuable  advice,  in  which  I  should  feel  so  much  at  home, 
so  untrammeled  by  practical  details.  The  subject  I  refer  to  is 
*  How  to  Catch  the  Sea  Serpent.' 

"  My  experience  in  capturing  sea  serpents  is  somewhat  limited, 
and  I  have  noticed  that  there  is  no  factor  so  indispensable  to  the 
formation  of  a  complete,  positive,  unfaltering  opinion  on  any  subject, 
as  the  absence  of  prosaic  experience.  For  instance,  there  was  a  time 
when  I  could  have  written  an  invaluable  treatise  on  *How  to  Bring 
Up  a  Baby.*  But  to-day,  in  the  light  of  subsequent  events,  I  con- 
fess with  humility  that,  in  the  presence  of  any  unforeseen  crisis,  I 
should  at  once  apply  for  advice  on  this  subject  to  the  single  ladies 
of  my  acquaintance,  and  to  my  bachelor  friends. 

"  But,  gentlemen  of  the  graduating  class,  I  have  no  intention  of 

telling  you  how  to  become  wealthy  or  famous. 

"My  intention  is  to  submit  for  your  reflection  a  few  re- 
marks  which   will   possibly  partake   of  the   nature   of  a  sermon, 

but  which  will  perhaps  have  one  redeeming  feature — they  wUl  be 

brief. 

"  I  suppose  every  thoughtful  man  has  been  painfully  impressed 

by  the  apparently  widespread  moral  disintegration  which  seems, 

especially  of  late,  to  have  attacked  the  commercial  and  financial 

world,  to  have  gangrened  the  body  politic,  to   have   tainted   our 

social  structure.     One  need  not  be  a  pessimist  to  conclude  that  the 

existing  evil  is  not  due  simply  to  isolated  cases  of  moral  atrophy. 

The  disease  is  more  deeply  rooted  than  that;  its   existence  and 

development  is  due  to  the  general  lack  of  moral  tone  in  public 

•pinion,  for  public  opinion  is  all-powerful  whether  for  good  or  for 

vil.     Wise  and  virtuous  legislators — let  us  hope  the  species  is  not 
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extinct — may  make  whatsoever  laws  they  choose,  but  no  law  can 
exist  outside  of  the  statute  books  unless  it  receives  the  support  of 
public  opinion. 

**  Now,  public  opinion  is  the  opinion  of  everyday  men  and 
women;  and,  if  it  is  not  always  what  it  should  be,  I  believe  the  fault 
can  always  be  traced  to  a  wrong  system  of  education. 

"My  purpose  this  evening  is  to  emphasize  the  fact  that  the  educa- 
tion which  you  young  men  of  the  Class  of  '94  have  just  received  is 
admirably  adapted  to  develop  a  sound  morality  and  to  build  up  a 
strong  character,  to  provide  you  with  the  elements  required  to 
enable  you  to  successfully  resist  the  temptations  which  beset  the 
path  of  every  human  being. 

"  Mark  Twain,  in  his  philosophic  essay  on  the  '  Art  of  Lying,* 

has  said  that  an  injudicious  lie  is  sometimes  almost  as  pernicious  as 

the  truth.     That  many  people  agree  with  the  genial  philosopher  is 

shown  by  the  broad  application  which  the  principle  embodied  in 

this  aphorism   receives   in   our  political,  commercial,   and   social 

^orld.    Many  who  might  not  perhaps  accept  the  doctrine  as  thus 

broadly  laid  down,  do  nevertheless,  by  their  practice,  tacitly  accept 

^•^c  amendment    that    an    *  injudicious '    truth     is     worse   than    a 

^  Judicious '  lie, 

"The  fact  is,  truth  has  never  been  popular      Questions  have 

S^nerally  been  judged  by  the  standards  of  *  my  doxy'  and  *your 
doxy; 

"  But  truth  is  the  foundation  stone  of  modern  science,  and  a 
scientific  training  may  be  defined  as  that  form  of  education  which 
^^adsa  man  to  seek  the  truth,  to  understand  the  truth,  and  to  tell 
^^e  truth. 

"In  the  presence  of  Nature,  it  is  not  the  place  of  the  investigator 
^0  ask,  What  should  be  ?  What  might  be  ?  W^hat  interpretation  of 
^^efact  would  redound  to  his  interest  or  to  his  honor?  But  simply 
and  humbly.  What  is  ? 

"The  man  of  science  must  therefore  be  fundamentally  honest; 
honest  toward  Nature,  honest  toward  himself,  honest  toward  his 
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fellow  man;  and  his  honesty  must  be  something  broader,  deeper, 
better  than  that  honesty  which  is  only  a  policy. 

"  I  do  not  mean  to  assert  that  men  of  science  are  necessarily 
composed  of  a  different  clay  from  their  brethren  in  other  walks  of 
life.  As  men,  they  are  subject  to  the  limitations  of  mankind.  No 
individual  can  be  absolutely  free  from  prejudice  and  mental  or 
moral  bias,  any  more  than  he  can  be  free  from  physical  imperfec- 
tion. But  the  whole  education  of  the  man  of  science  is  adapted 
not  only  to  render  his  senses  more  acute  and  more  reliable,  but  also 
to  put  him  on  his  guard  against  that  tendency  to  error  which  is  due 
to  his  own  mental  obliquity  of  vision,  to  the  imperfections  of  his 
moral  nature. 

^'  He  alone  is  a  true  man  of  science  who  has  acquired  to  an 
eminent  degree  that  consciousness  of  his  own  fallibility  which 
enables  him  to  establish  what  the  astronomers  would  call  his 
personal  equation,  the  measure  of  the  distortion  produced  by  his 
bias,  by  his  prejudices,  by  his  interests. 

**  So,  too,  the  veritable  man  of  science  is  of  necessity  modest 
How  can  he  be  otherwise  if  he  be  conscious  of  himself;  if  he 
measure  his  mite  of  knowledge  by  the  standards  of  the  infinite 
unknown?  Be  his  genius,  his  power,  his  industry  what  they  may, 
what  has  he  accomplished  at  the  end  of  a  well-filled  existence  ? 
He  has  been  as  one  of  a  myriad  of  ants,  struggling  with  his  grain 
of  sand,  and  has  perhaps  succeeded  in  placing  it  in  position.  His 
achievement  is  unquestionably  valuable  to  the  community;  perhaps 
his  grain  of  sand  may  seem  larger  and  heavier  than  that  carried  by 
any  of  the  contemporaneous  ants,  as  fine  a  grain  of  sand  as  that 
ever  transported  by  any  ant  that  ever  lived.  But  his  life's  work  is 
not  an  ant  hill  for  all  that,  and  an  ant  hill  at  the  best  is  not  very 
large  as  compared  with  a  mountain,  and  is  still  smaller  in  compari- 
son with  the  universe.  While,  therefore,  the  man  of  science  has 
^ame  right  as  his  fellow  ant  to  feel  proud  of  his  work  if  he  has 

QpHshed  his  task  to  the  best  of  his  ability,  he  will  realize  how 

his  maximum  is  at  the  best;    he  will  be  modest. 
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'*  And  with  humility  goes  toleration.    The  man  who  is  fully  con- 
scious of  his  own  liability  to  error  must  needs  be  patient  with  the 
errors  of  his  neighbor.     He  will  respect  an  honest  conviction  for 
its  honesty  if  he  can  admire  it  for  nothing  else. 
"  He  will  loathe  the  sin  and  pity  the  sinner. 
"  These,  gentlemen  of  the  graduating  class,  are  to  my  mind  the 
chief  benefits  which  have  been  offered  you  during  your  stay  in  this 
institution.     If  you  have  made  the  best  of  your  opportunity  this 
will  be  of  even  greater  importance  to  yourselves,  and  to  the  world 
at  large,  than  the  machines  that  you  may  build  or  the  discoveries 
which  you  are  destined  to  make;  for  your  lives  will  in  themselves 
be  valuable  contributions  to  mankind,  and  will  leave  behind  them 
their  indelible  impress  on  the  future  of  the  human  race. 

"  And  now,  my  friends,  my  sermon  is  at  an  end.  But  before  I 
say  Godspeed,  let  me  whisper  a  word  of  encouragement. 

"On  the  threshold  of  your  careers,when,fired  with  the  enthusiasm 
ancJ  ambition  of  youth,  you  are  restlessly  awaiting  an  opportunity 
to  put  your  foot  into  the  stirrup,  you  will  often  be  met  with  the 
disheartening  assurance,  expressed  or  implied,  that  the  world  has 
not  been  waiting  for  you. 

"  Do  not  let  that  discourage  you;  and,  above  all,  do  not  believe 
it.      It  is  not  true.     The  world  has  done  nothing  else  so  important 
as  to  wait  for  you,  for  the  world  knows  very  well  that  you  are 
posterity,  and  that,  were  it  not  for  your  generation  it  would  surely 
and  speedily  come  to  an  end.     You  are  the  sole  arbiters  of  its  des- 
toes,  the  sole  heirs  to  its  estate.     All  the  grand  achievements  of 
t^e  past,  all  the  toil  and  suffering  of  untold  generations,  have  gone 
to  build  up  for  you  an  inheritance  of  wealth,  knowledge,  and  power. 
"  But  with  great  power  goes  great  responsibility.    Yours  it  is  to 
see  to  it  that  the  succeeding  generation  shall  in  due  time  receive  its 
inheritance  from  your  hands,  not  merely  intact  but  with  accumu- 
lated interest. 

''Then,  prepare  yourselves  for  your  inheritance,  and  dream  your 
dreams  of  eternal  youth  and  happiness,  of  fame  and  fortune,  if  you 
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will,  though  these  do  not  constitute  happiness,  and  do  not  forget 
that  dream  in  which  the  central  figure  is  a  more  or  less  distinct 
vision  of  an  angel  in  white  or  pink,  with  a  still  more  shadowy  vision 
of  a  couple  of  cherubs  at  her  knee. 

**  Some  dreams  are  destined  to  be  realized;  most,  possibly  are 
not.  But  the  true  happiness  is  perhaps  in  the  dream  itself,  for  the 
dreams  of  life  are  its  chief  realities." 

Mr.  S.  Bayard  Dod,  President  of  the  Board  of  Trustees,  then 
conferred  the  degree  of  "  Mechanical  Engineer  "  upon  the  members 
of  the  class,  38  in  number,  and  distributed  the  diplomas. 

The  names  of  the  graduates,  together  with  the  subjects  of  their 
respective  theses,  are  as  follows: 

St.  George  M.  Anderson.  E.  J.  Burkb. 

Test  of  Babcock  &  Wilcox  Boiler  with  Various  Kinds  of  Coal. 

Frederick  J.  Angell.  William  A.  Jones. 

Test  of  Triple  Expansion  Engines  and  of  Boilers  of  Ocean  Tug 

*•  Plymouth." 

Edward  P.  Buffett.  Jr. 
Electro-Magnetization  of  Nickel  Steel. 

Barton  H.  Cameron.  Henry  D.  Lawton. 

Comparative  Test  of  a  Slide  Valve  Engine  and  a  Corliss  Engine. 

George  W.  Colles.  Jr.  Edward  B.  Gallaher. 

Test  of  an  Electric  Railway  Power  Station  at  West  Haven,  Conn. 

H.  Dudley  Coleman.  Jr.         James  M.  Cox.  Henry  L.  Fridbnbkrg. 

Test  of  the  Electric  Light  Plant  at  Bloomingdale  &  Co.*s  Store. 

David  Corbin. 
Water  Consumption  of  a  50  Horse- Power  Ball  &  Wood  Engine. 

Joseph  Cottier.  Oliver  Ellsworth. 

Stresses  and  Strains  in  Gas  Holder  Framework. 

Wm.  B.  O.  Field.  George  B.  Fielder,  Jr.        Morris  W.  Kellogg. 

Test  of  Roney's  Mechanical  Stoker. 

William  Gibson.  Frederick  W.  Oppermann. 

Arthl'r  M.  Lozier. 

The  Distribution  of  Power  in  the  Waddell-Entz  Storage  Battery 
System,  Second  Avenue,  New  York  City. 
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John  W.  Gilmorb.  Charles  W.  MacCord,  Jr. 

Test  of  Water  Consumption  of  Rollin*s  Engine    Under    Light 

Loads. 
Edward  Gnadk.  Louis  Ruprecht, 

Test  ot  Boilers  and  Engine  of  a  Plant  for  the  Manufacture  of 

White  Lead. 
Robert  P.  Hamilton.  Alfred  Kollstedb. 

Test  of  a  Dow  Steam  Turbine. 

« 

Charles  C.  Hartpbnce.  John  B.  Klumpp.  Henry  E.  McGowan. 

Comparative  Test  of  Electric  Car  Motors. 

Charles  C.  Ken  yon.  Edward  D.  Mathry.  Russell  E.  Taylor. 

Comparative  Tests  of  Compound  and  Simple  Locomotives  on  New 

Jersey  Central  Railroad. 
WiuiAM  D.  PiERsoN.  Robert  W.  Smith. 

An  Application  of  Exploring  Coil  for  Determining  Disturbing 

Elements  in  a  Dynamic  Field. 

Ernest  Pulsford.  Gilbert  Rosenbusch.     Wiluam  E.  Shoemaker. 

Test  of  Ammonia  Compression  Ice  Machine. 

Mr.  Dod  announced  that  Mr.  Charles  F.  Peck,  '96,  had  won 
tbe  Priestley  Prize,  and  that  two  Stevens  School  scholarships  had 
been  awarded,  as  Messrs.  Lewis  Sanders  and  Herbert  R.  Davis  had 
passed  the  competitive  examination  with  so  nearly  equal  grade  as 
"01  to  permit  of  discrimination. 

An  event  not  on  the  programme  then  excited  the  liveliest 
interest.  President  Morton  announced  that  he  had  been  requested 
to  present  to  the  members  of  the  Intercollegiate  Championship 
Lacrosse  Team  of  1894,  souvenir  pins  provided  by  the  students  as 
a  token  of  their  appreciation  of  the  successful  efforts  of  the  team. 
Amid  hearty  applause  he  presented  the  souvenirs  to  Mr.  Kellogg. 
the  Captain,  to  be  delivered  to  the  respective  members  of  the  team. 

Mr.  Oliver  Ellsworth  then  delivered  the 

VALEDICTORY. 

'*  Mr.  President^  Members  of  the  Faculty^  Trustees^  Friends^  and 
Ftllmv  Students:  The  crowning  event  of  our  college  course  which 
you  have  honored   with  your  presence  is  to  us  an  occasion  of  the 
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gravest  importance.  It  marks  the  end  of  a  chapter  in  our  book  of 
life.  It  celebrates  a  victory  won  by  years  of  earnest  work.  It 
opens  to  us  a  field  in  which  we  are  to  labor  until  He  who  gave  us 
life  sees  fit  to  call  us  hence. 

"You  who  are  familiar  with  the  curriculum  of  Stevens  Institute 
know  that  our  four  years  have  been  given  over  to  an  attempt  to 
master  the  rudiments  of  one  of  the  grandest  professions  of  the  age, 
and  some  of  you  know  how  hard  we  have  struggled  to  gain  the 
coveted  prize  which  but  a  few  minutes  ago  was  bestowed  upon  us. 
To  you  we  turn,  knowing  that  you  will  congratulate  us  upon  the 
successful  termination  of  our  labors  here.  We  know,  however,  that 
the  goal  of  our  ambition  is  still  far  away,  and  what  I  have  called  a 
chapter  in  the  book  of  life,  might  better  be  termed  its  preface. 
The  book  itself  then  depends  upon  our  future.  Will  that  future  be 
successful  ? 

**  James  Henry  Hammond,  in  an  oration  delivered  some  years 
ago,  before  the  Literary  Societies  of  South  Carolina  College,  said: 
*  If  we  pass  in  review  all  the  pursuits  of  mankind  and  all  the  ends 
they  aim  at,  we  shall  find  that  whatever  is  great  or  good  in  their 
deeds  or  purposes  depends  upon  their  intellect  and  is  accomplished 
just  in  proportion  as  that  intellect  is  stored  with  knowledge,  and 
whether  we  examine  the  past  or  the  present,  we  shall  find  that 
knowledge  is  a  real  power.*  The  extent  of  our  power  depends 
upon  our  ability  to  learn  and  to  put  to  some  practical  use  the 
knowledge  which  it  has  been  our  object  the  past  four  years  to 
obtain.  All  our  hours  of  worry  and  toil  have  had  that  end  in  view. 
Through  the  labors  of  our  professors,  who  it  seems  have  sometimes 
had  to  work  fully  as  hard  in  imparting  knowledge  as  we  to  imbibe 
it,  we  have  acquired  some  knowledge  and  the  ability  to  gain  more, 
and  we  are  thus  in  a  measure  equipped  to  meet  the  obstacles  that 
are  sure  to  encumber  our  road  to  success.  And  does  not  knowledge 
or  power  rightly  used  lead  to  friends,  position,  wealth,  success,  and 
happiness  ?  Surely  it  does,  or  else  the  laws  of  nature  would  be 
"eversed. 
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"  With  these  thoughts  before  me,  have  I  not  a  right  to  predict 
the  above  consequences  as  realities  and  not  as  iridescent  dreams? 
Only  time  will  tell,  but  I  believe  that  the  heading  of  the  coming 
chapters  in  our  book  of  life  will  be  *  success/  and  I  hope  that  when 
that  book  is  closed,  '  a  successful  life '  will  be  its  appropriate  title. 

"  Mr.  President:  It  is  with  a  feeling  of  deep  and  tender  regret 
that  we  turn  to  you  to  say  farewell.     The  thought  that  we  are  about 
to  leave  the  familiar  halls  and  kindly   shelter  of  our  Alma  Mater, 
where   many  of  our  happiest  hours  have  been  spent  under  your 
supervision  and  guidance,  makes  the  parting  necessarily  sad.     The 
paths  of  knowledge,  which  we  have  trodden,  have  been  made  more 
easy  by  your  kindness  and   that  of  those  who  are  gathered  about 
you.    Quietly  but  firmly  you  have  advanced  us,  until  we  have  seen 
with  our  own  eyes  the  depths  of  our  ignorance,  and  it  was  not  until 
these  depths  were  fully  sounded  that  we  appreciated  for  ourselves 
the  opportunities  of  knowledge  that  were  before  us.     In  the  dis- 
charge of  your  duties  you  have  presented  to  us  an  example  of  a 
devout  Christain,  an  earnest  instructor,  and  a  kind-hearted  friend. 
Those  of  us  who  have  been  so  often  deserving  of  your  admonition 
have  also  found  it  mingled  with  regret  from  you.     Most  courteously 
have  you  entertained  us  and  contributed  to  our  social  pleasures. 
You  have  made  our  interests  your  interests,  our  sorrows  your  sor- 
rows.   The  fame  of  our  Alma  Mater  owes  much  to  your  generosity, 
and  we  hope  the  day  is  not  far  distant  when  the  means  to  enable 
you  to  advance  her  to  a  still  higher  degree  of  honor  and  usefulness 
^'Jl  be  forthcoming.   In  this,  believe  me,  sir,  the  Class  of  '94  wishes 
you  all  possible  success.     Farewell  I 

'^Gentlemen  of  the  Faculty  :  Under  your  careful  and  ever  watch- 
lul  guidance  we  have  been  enabled  to  reach  a  goal  which,  four  years 
a^o,  seemed  so  uncertain.  You  have  given  us  your  aid  and  your 
encouragement.  Step  by  step  you  have  interpreted  to  us  the  mys- 
teries of  nature  and  raised  us  in  the  scale  of  knowledge  and  virtue. 
You  have  awakened  in  us  a  thorough  interest  in  the  work  of  our 
profession,  and  words  can  but  inadequately  express  our  appreciation 
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of  your  earnest  endeavors.  The  fact  that  we  have  to-night  received 
our  coveted  degree  will,  in  a  measure,  we  hope,  repay  you  for  the 
hours  you  have  devoted  to  us.  Your  calling  is  indeed  high  and 
holy.  Your  fame  will  be  the  property  of  nations.  As  Freshmen 
we  feared  you,  as  Sophomores  we  admired  you,  as  Juniors  our  ad- 
miration rose  to  esteem,  as  Seniors  we  honored  you,  and  now,  as 
we  pass  from  your  guidance  to  take  our  place  in  the  busy  world,  wc 
thank  you  most  heartily  for  the  benefits  you  have  bestowed  upon  us, 
and  we  part,  hoping  that  the  life  of  each  one  of  you  may  be  a  long 
and  happy  one.  May  our  Alma  Mater  for  many  years  enjoy  your 
efforts  in  her  behalf.     Farewell ! 

'*  Classmates :  Four  years  ago  we  met  as  strangers  and  started 
together  on  the  road  of  knowledge.  Side  by  side  we  have  gone  on, 
sometimes  loitering  a  little  by  the  way,  but  oftener  plodding  on  in 
line  together.  We  have  had  many  joys  and  sorrows  in  common. 
To-night  the  ties  which  have  held  us  together  so  long  are  to  be 
severed.  Our  roll  has  but  a  few  minutes  ago  been  called  for  the 
last  time.  It  is  with  a  feeling  of  deep  sadness  that  we  look  back 
and  compare  this  last  roll-call  with  the  first.  What  changes  have 
taken  place !  What  faces  have  been  lost.  There  were  then  five 
among  us  who  entered  with  our  own  hope  and  expectation,  who,  by 
the  will  of  God,  have  been  taken  from  us.  One  of  our  number  died 
shortly  after  we  entered  college.  Another  was  stricken  down  at 
the  beginning  of  our  Sophomore  year.  Two  others  were  taken 
during  our  Junior  year,  and  still  another  but  a  few  weeks  ago. 
Other  classes  have  not  been  so  unfortunate  in  this  respect,  yet  we 
have  the  consolation  that  those  of  us  who  have  been  taken  have 
already  gone  to  their  eternal  home  away  from  this  world  of  strife 
and  sorrow.  Let  us  cherish  their  memory  as  friends,  honor  their 
efforts  by  emulation,  and  hope  that  many  years  may  be  spared  to 
us,  and  that  finally  we  may  meet  them  in  the  glorious  hereafter. 

"  This  is  indeed  a  solemn  moment.  We  are  standing  to-night 
between  the  student's  life  of  theory  and  the  practical  realities  of  a 
professional  career.     Have  we  a  motto  to  aid  us  in  the  battle  that 
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befpns  with  the  morrow's  sun  ?  Let  me  suggest  one.  Recently, 
when  looking  over  an  old  autograph  album,  I  found  inscribed  upon 
one  of  its  pages,  by  a  professor  now  passed  away,  these  three 
words:  ^  Fortiter,  Fideliter,  Feliciter*  (Bravely,  Faithfully,  Hap- 
pily), and  beneath  them  this  sentence:  ^  May  this  Latin  motto  be 
the  motto  of  your  life.*  Surely,  my  classmates,  it  is  worthy  to  be 
inscribed  upon  our  banners. 

'*  The  four  years  of  work,  through  which  we  have  passed,  have 

seemed  to  give  us  a  certain  standard,  to  clearly  define  the  work  we 

are  to  do,  and  to  point  out  the  difficulties  which  will  meet  us  in  our 

future.      The    profession   we   have   chosen   is   not   an   easy  one. 

Though  of  recent  origin,  as  compared  with  other  pursuits,  there  are 

already  thousands  of  engineers,  and  we  will   make  but  a  small 

addition  to  that  vast  army  of  veterans,  whose  example  it  would  be 

well  for  us  to  imitate. 

"  Every  one  of  us  is  expected  to  do  a  certain  amount  of  work 
and  to  do  it  well.  Should  that  work  lie  among  peculiar  circum- 
stances, we  are  aided  in  it  by  knowing  how  others  have  contended 
in  similar  difficulties.  Our  problems  will  sometimes  be  stupendous, 
our  opportunities  not  always  the  most  alluring. 

*' We  must  remember  that  there  are  many  problems  in  our  future 
life  which  should  interest  us  outside  of  our  own  beloved  profession. 
As  Christians,  we  owe  a  duty  to  our  Creator  and  to  our  fellow  men, 
^di  as  citizens  of  this  mighty  Republic,  we  owe  many  duties  to  our 
country,  our  State,  and  our  city.  The  spirit  of  reform  is  in  the 
^^r.  Let  us  go  out  into  the  world  and  take  our  place  in  it  as  men 
who  have  at  heart  all  good  interests. 

'*0f  our  Alma  Mater  we  should  ever  be  proud,  and  we  should 
follow  her  future  with  interest  and,  I  trust,  delight.  Classmates, 
whatever  may  befall  us  in  the  future,  and  though  years  may  elapse 
before  we  meet  again,  I  feel  sure  we  shall  never  forget  each  other. 
"It  is  hard  to  speak  the  parting  words.  Farewells  are,  if  not 
the  least  pleasant,  among  the  least  pleasant  things  of  this  life,  but, 
nevertheless,  from  time  to  time  they  must  be  said.     Let  us  each, 
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then,  bid  the  other  a  hearty  Godspeed,  and  go  forth,  remembering 
that  'The  end  of  life  is  not  money,  but  duty;  the  law  of  life  is  not 
competition,  but  co-operation;  the  bond  of  life  is  not  self-interest, 
but  brotherhood/     Farewell  !" 

The  exercises  closed  with  the  benediction  by  Rev.  Mr.  Jenvey. 

The  musical  part  of  the  programme  comprised: 

OVERTURE,  -  StradelU."  Von  Flotow. 

SELECTION,  *•  Fencing  Master/*  De  Koven. 

MARCH.  -  High  School  Cadets/'  Sousa. 

WALTZ,  **  Symposia,**  Bendix, 

INTERMEZZO.  •*  Cavalliera  Rasticana.**  Mascagni. 

SELECTION.  ••  Canneo/*  Bizet. 

SELECTION,  ••  Robin  Hood,-  De  Koven. 

And  was  so  excellently  rendered  as  to  lead  to  earnest  com- 
mendation. 

The  Commencement  Committee  included:  George  B.  Fielder, 
Jr.,  William  A.  Jones,  Barton  H.  Cameron,  Frederick  J.  Angell, 
Charles  W.  MacCord,  Jr.,  Robert  W.  Smith,  Arthur  M.  Lozier,  H. 
Dudley  Coleman,  Jr. 

The  Reception  Committee,  ta>m  the  Class  of  '95,  consisted  of: 
F.  V.  Lawrence,  W.  H.  Corbett,  C,  l\  Pxalding,  Austin  Greenidge, 
Latimer  Carter,  Thomas  B.  Cum:r.^,  Chjirtes  T.  Church. 

Reunions  of  several  c)asses  wenr  held  on  Tuesday,  the  19th. 

'84  had  an  excursion  to  \Ve:>:  !\iut  by  Albany  Day  Line 
steamer  and  return  by  Hudson  R;vrr  RjLilaxid,  with  dinner  at  the 
Arena,  Thirty-first  Street,  near  l^rv\jiv!wjty.  New  York  City,  in  the 

evening. 

S9  met  at  the  Arena  at  ^50  y  v. 

01  held  its  triennial  on  th<^  sxat^  Jjlv. 

On  Wednesday,  June  ^o.  CVjk?:^  oi'  *^  mustered  with  well  filled 
ranks  at  Mex^rs*  Hv^el,  Hv>NNi.t-:r\  jic  0  p.  m.,  and  with  invited 
Ci3es:s  hAd  a  joyful  nfunv- 
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THE  annual  meeting  of  the  Alumni  Association,  held  in  the  Hall 
of  Stevens  School,  on  June  20,  was  called  to  order  by  Presi- 
cS  cnt  Van  Atta  shortly  after  9  o'clock. 

The  Recording  Secretary  being  absent,  Mr.  Durand  Woodman 
^wr as  appointed  Secretary,  pro  tem. 

On  motion  duly  made  and  seconded  the  reading  of  the  minutes 
of  the  previous  meeting  was  dispensed  with. 

The  Treasurer  of  the  Association,  Professor  Bristol,  read  the 
following  reports,  which,  on  motion,  were  accepted: 

Treasurer's  Report. 

HoBOKBN,  June,  20,  '94. 

'^o  the  Alumni  Association  of  the  Stevens  Institute  of  Technology: 

I.— General  Fund. 

Receipts, 

balance  in  Fund  June  22,  1893 $86.85 

^^es  for  1893-94 800.00 

^^es  in  arrears 163 .  50 

^^es  in  advance 10.00 

Stenographic    report    special     Executive     Committee 

meeting 4.50 

$1,064.85 

Expenditures, 

^*^Tnni  subscriptions  Stevens  Indicator  to  June.  1894,  $699.00 
•    E.  Raqu^,    Corresponding    Secretary,    clerk    hire, 

printing,  and  postage 123 .  20 

•  H.  Bristol,  Treasurer,  printing,  postage,  and  clerk 

hire 41.81 

^^penses,  annual  meeting,  June  22.  1893 3 .00 

^^nses,  midwinter  meeting,  February  20,  1894 116. 50 

^Bting  1,000  copies  Constitution 32 .00 

^Tayon  portrait,  E.  B.  Wall 41 .  00 

$1,056.51 

balance  in  Fund  June  20,  1894 f8.34 
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II. — Beneficiary  Fund. 

Receipts, 

Balance  in  Pnnd  June  22,  1893 $809.61 

On  loan  repaid 15 .00 

Interest  on  loan 3  22 

Bank  interest 39. 50 

$867 

Balance  in  Fund  June  20,  1894 $867 

Amount  of  outstanding  loans I657. 22 

III. — Library  Fund. 

Balance  in  Fund  June  18,  1893 I114.75 

••    20.1894 114.75 

IV. — Library  Portrait  Fund. 

Balance  in  Fund  June  18,  1893 I1.72 

•*        ••       **        ••     20.1894 1.72 

V. — The  Stevens  Indicator. 

Receipts, 

Balance  June  18,  1893 $368.26 

From  F.  Angell,  Business  Manager 279.01 

••      C.  C.  Hartpence,  **         **         293.75 

'•      Professor  Gray  don,  Editor. 40.81 

Alumni  subscriptions  to  date 699.00 

$i.68c 

Expenditures, 
Publication  April  Indicator,  1893 $248 .  67 

July  *•         1893 340.74 

October     **           1893 260.64 

January    *•           1894.   192.73 

Reprints,  **  Screw  Propeller" 75 .  20 

Postage,  expressage,  and  addressing  Indicator 31 .01 

Professor  Graydon.  editing  Indicators,  1893-94 200.00 

Binding  Indicators 16.40 

Drawings  and  cuts  for  Indicators 61 .67 

Title  pages 10.00 

$1,437 

Balance  June  20,  1894 $243 

Respectfully  submitted, 

W.  H.  Bristol.  Treasurei 
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The  Treasurer  called  attention  to  Section  4  of  Article  VII.  of 
the  Constitution,  providing  for  the  reading  at  this  meeting  of  the 
names  of  members  dropped.  On  motion  duly  seconded  it  was 
Resolved,  That  if  the  Treasurer  is  aware  of  a  reasonable  excuse 
for  the  non-payment  of  the  dues  of  any  member,  the  name  of 
such  member  shall  be  excluded  from  the  announcement  now  to 
be  made. 

The  Treasurer  then  read  a  list  of  names  of  members  dropped. 
Professor  Riesenberger,  Treasurer  of  the  Building  Fund,  re- 
ported nearly  $10,000  collected. 

The  Chair  reported  that  the  Executive  Committee  had  held 

several  meetings,  and  had  disposed  of  the  matters  requiring  atten- 

^'on,  including  several  matters  which  had  held  over  from  last  year. 

Air.  Humphreys,  on  behalf  of  the  Alumni  Trustees,  stated  that 

tliey  iiad  no  report  to  make. 

Upon  motion  duly  seconded  the  Class  of  '94,  as  a  body,  was 
^'^   elected  to  membership  in  the  Association. 

On  motion  by  Mr.  Bang,  duly  seconded,  it  was  resolved  **  That 
'^^s  of  members  whose  addresses  are  wanted,  be  published  in 
^    Indicator." 

On  motion  duly  seconded  it  was  carried  that  persons  dropped 
^^Id  be  notified  of  the  fact  by  the  Treasurer. 

Mr.  Bang  then  moved  **  that  the  notices  be  sent  by  registered 

^^^-**     Mr.  Cuntz  moved  to  amend  by  adding** and  shall  state  that 

^  Payment  of  back  dues,  etc.,  the  members  dropped  will  be  rein- 

^^^d."    Mr.  Bang  accepted  the  amendment,  and  the  motion,  having 

^^u  seconded,  was  voted  down,  after  the  Treasurer  had  explained 

^^at  three  bills  had  already  been  mailed  to  each  delinquent. 

The  Chair  then  stated  that  Mr.  Wolff  had  been  asked  to  make 

temarks  in  recognition  of  the  loss  of  the  Association  through  the 

recent  death  of  Edward  B.  Wall,  who  but  two  years  before  had  filled 

the  posicion  of  President  of  the  Association  so  acceptably,  but  that 

owing  to  illness  Mr.  Wolff  could  not  be  present.     He  had,  however, 

sent  the  following  letter,  which  was  then  read : 
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My  Dear  Mr.  Van  Atta:  ^'^^  ^''^'^'  J""'  *°-  '*^-*- 

I  regret  exceedingly  that  illness  prevents  my  attending  the 
Alumni  meeting  this  evening;  all  the  more,  because  you  had 
counted  upon  my  saying  a  few  words  in  presenting  the  portrait  of 
our  much-beloved  and  lamented  fellow  member,  Edward  B.  Wall. 

I  had  known  Ed.  Wall  long  before  we  entered  Stevens.  We 
were  neighbors  in  River  Terrace,  and,  as  boys,  already  were  friends. 
In  his  career  at  college  and  in  his  career  in  actual  life,  it  was  the 
genuineness  of  his  nature,  his  unflinching  love  and  devotion  to 
truth,  his  generosity  of  mind  and  heart,  that  called  for  my  admira- 
tion, and  which,  I  believe,  was  the  keynote  of  his  character,  which 
made  him  esteemed  by  all  who  had  the  privilege  of  knowing  and 
meeting  him.  Coupled  with  his  fine  nature,  he  possessed  rare 
executive  ability,  and  much  shrewdness  and  exceptional  common 
sense.  His  engineering  experience  necessarily  became  great,  but, 
personally,  I  have  never  ascribed  his  exceptional  success  so  much 
to  special  engineering  equipment  and  talent,  as  to  the  qualities  of 
mind  and  character,  good  judgment  and  common  sense,  which 
enabled  him  to  put  the  engineering  material  in  shape  for  practical 
use.  He  was  an  actual  leader  ot  men,  and  had  his  life  not  been 
cut  ofif  so  early,  the  very  highest  executive  offices  in  the  gift  of  the 
Pennsvlvania  Railroad  would  doubtless  have  come  to  him  in  time. 

I  wish  I  could  be  with  you  this  evening  lo  add  my  little  tribute 
to  the  abler  ones  which  will  be  offered,  and  I  wish  in  default  of  this 
that  I  had  time  now  to  write  out  the  thoughts  which  fill  my  soul  as 
I  think  of  him.  But  while  the  feelings  of  respect,  admiration,  and 
love  are  present,  the  ability  to  clothe  them  in  words  is  lacking  at 
this  hour.  Nor  does  it  matter  who  utters  the  word,  so  it  be  uttered. 
But  it  is  well  that  men  of  this  stamp  do  not  pass  away  without  our 
reading  the  lessons  of  their  lives,  and  the  career  of  Edward  B. 
Wall,  a  graduate  ot  Stevens,  a  member  of  the  Alumni  Association, 
a  President  of  the  Alumni  Association,  and  a  member  of  the  Board 
of  Trustees  of  the  Institute,  was  one  of  such  unblemished  credit  to 
the  Institute  and  its  organizations,  that  no  words  of  mine,  nor  even 
of  yours,  could  do  it  sufficient  justice.  To  him  i>eace  has  come. 
May  peace  be  with  those  who  mourn  him  most,  and  may  his  life 
teach  to  many  graduates  of  Stevens  the  lesson  that  genuineness  of 
'ind  and  heart,  and  high  honor,  are  the  essentials  of  real  success. 

Sincerely  yours.     ^^^^^^^  ^  ^^^^^^_ 
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Mr.  Kent  was  called  upon  to  speak  of  his  former  classmate, 
and    with   much  feeling  reviewed  briefly  Mr.  Wall's  college  and 
business  careers;  emphasizing  the  readiness  with  which  Mr.  Wall 
always  did  the  work  allotted  him,  however  repulsive  or  discourag- 
ing: it  might  be. 

The  Chair  then,  on  behalf  of  the  Alumni  Association,  presented 
^o  the  Institute  a  crayon  portrait  of  Mr.  Wall,  which  had  been  pre- 
P3.red  in  order  to  obtain  a  suitable  artotype  portrait  for  the  April 

■ 

issue  of  the  Indicator. 

President  Morton,  on   behalf  of  the   Institute,  accepted   the 
portrait,  and  mentioned  that  Dr.  Dudley,  of  the  Pennsyvania  Rail- 
road, had  within  a  few  days  remarked  that  during  his  long  con- 
neotion  with  the  road  he  had  never  known  of  such  a  case  of  so 
^^J^eral  and  strong  an  expression  of  feeling  by  all  classes  as  was 
witnessed  at  Mr.  Wall's  funeral.     The  train  bearing  his  body  to 
^^^lumbus  was  repeatedly  stopped  at  way  stations  by  the  employees, 
'^tio    desired  to  pass  through  the  car  for  a  last  friendly  look.     Dr. 
^'^^^rton   also  alluded   to   the   hardships   Mr.   Wall   had   manfully 
cridured  in  working  up  from  the  lowly  position  to  which  he  was  at 
"^st  assigned,  and  to  the  remarkably  sympathetic  character  of  the 
°^^*^^    rendering    everyone   with    whom    he   came    in   contact    his 
P^^^sonal  friend. 

The   Chair  then   announced   the   result   of  the  balloting  for 
officers,  as  follows: 

^^^sldent. — William  Hewitt, '74,  -         -         -         -     no  votes. 

Ernest  S.  Cronise,  '81,  -         -  -  71 

r\Tst  Vice-President.— Harry  DeB.  Parsons,  'S4,         -     156 

Paul  Doty,  '88,     -         -  -  24 

Second  Vice-President. — Adam  Riesenberger,  '76,       -     10 1 

Benjamin  F.  Hart,  Jr.,  '87,  78      " 

Corresponding  Secretary. — Phillip  E.  Raque, '76,        -     112      *' 

Joseph  Wetzler,  '82,  -  69 

Recording  Secretary.— J.  Day  Flack, '87,     -        -        -     116      '* 

George  Dinkel,  Jr.,  '88,  -  63      ** 

Treasurer.— Adam  Riesenberger,  '76,  -        -        -       72      '* 
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William  H.  Bristol,  '84, 
Directors. — Arthur  A.  De  Bonneville,  '78,  - 

Harry  Van  Atta, '81,     .         -        -         - 
John  M.  Rusby,  '85,  .        .         .        . 

A.  P.  Boiler,  Jr.,  '91,     -        -        -         - 
Alumni  Trustees. — J.  Mather  Wallis,  '76,     - 

F.  E.  Idell,  '77, 

Edward  A.  Uehling,  '77, 

George  M.  Bond,  '80, 

Durand  Woodman,  '80, 

Roland  S.  Kursheedt,  '80,  - 

Harry  Van  Atta,  '81,     - 

Joseph  Wetzler,  '82,  - 

And  declared  the  following  officers  elected  for  the  ensuing  year: 

President. — William  Hewitt. 
First  Vice-President.  — Harry  DeB.  Parsons. 
Second  Vice-President. — Adam  Riesenberger. 
Corresponding  Secretary.— Phillip  E.  Raque. 
Recording  Secretary. — J.  Day  Flack. 
Treasurer. — William  H.  Bristol. 
Directors  for  two  years. — Harry  Van  Atta. 

John  M.  Rusby. 
Directors  for  one  year. — William  Sheldon. 

Joseph  A.  McElroy. 
Alumni  Trustees. — F.  E.  Idell. 

Durand  Woodman. 

On  motion  duly  seconded  and  carried  the  meeting  then  ad 
journed. 

MEMBERS    IN   ATTENDANCE. 

President  Henry  Morton.  William  Kent,  '76. 

Prof.  C.  W.  MacCord.  Frank  E.  Idell,  '77. 

••    J.  E.  Denton,  '75.  E.  P.  Thompson,  '78. 

••     W.  E.  Geyer,  '77.  J.  W.  Lieb,  Jr.,  'So. 

Ass't  Prof.  A.  Riesenberger,  '76.  D.  Woodman,  '80. 

W.  H.  Bristol,  '84.  A.  C.  Humphreys,  '81. 

D.  S.  Jacobus,  '84.  H.  Van  Atta,  '81. 

S.  D.  Graydon,  '75.  J.  Wetzler,  '82. 

"  G.  L.  Manning,  '91.  M.  McXaughton,  '83. 

James  M.  Cremer,  '76.  W.  L.  Lyall,  '84. 

G.  C.  Henning.  '76.  E.  Burhorn,  '85. 
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C.  E.  Machold,  '85. 
C.  J.  Field.  '86. 

F.  E.  Jackson,  '86. 

G.  R.  Metcalfe.  *86. 
I.  H.  Cuntz,  '87. 

B.  F.  Hart.  '87. 

F.  Moeller.  '87. 

W.  E.  Parsons.  '87. 

H.  A.  Bang.  '88. 

N.  St.  G.  Campbell,  '88. 

George  Dinkel.  Jr.,  •88. 

Paul  Doty.  '88. 

£.  M.  Drummond,  *88. 

^ward  Dncommun,  *88. 

A.  S.  Miller.  '88. 

J.  V.  L.  Pierson.  '88. 

H.  E.  Reeve.  '88. 

^.  H.  Gildersleeve,  Jr..  '89. 

^.  G^nbelman,  '89. 

^.  r).  Hoxie. '89. 

^.  C  Oliphant. '89. 

^hmj&,  J.  Everett.  '90. 

B.  iJ.  Peabody,  '90. 

G.  ILr.Todd.  '90. 

H.  T^crrance.  Jr.,  '90. 

W.  ^.  Ackennan.  '91. 

A.  F*.  Boiler,  Jr.,  '91. 

B.  W.  Carll.  '91. 


L.  H.  Nettleton.  '91. 
G.  S.  Perkins.  '91. 
F.  Gardiner,  '92. 
H.  W.  Jackson.  '92. 
Frank  E.  Law.  '92. 
H.  Luwenherz,  '92. 
W.  O.  Ludlow.  '92. 
W.  E.  S.  Strong.  '92. 
H.  H.  Adams.  '93. 
A.  B.  Brookfield, '93. 
A.  E.  Bruen.  '93. 
O.  G.  Dale.  '93 
F.  D.  Furman.  '93. 
H.  E.  Griswold.  '93. 
H.  Kopp.  Jr..  '93. 

E.  D.  Lewis.  '93. 
A.  B.  Lord.  '93. 

C.  T.  Rittenhouse,  '93. 
A.  G.  Wilbor,  '93. 

F.  J.  Angell.  '94. 

E.  P.  Buffet.  Jr., '94. 

G.  B.  Fielder.  Jr..  '94. 
H.  L.  Fridenberg.  '94. 
C.  C.  Hartpence.  '94. 
W.  A.  Jones.  '94. 

M.  W.  Kellogg,  '94. 
H.  D.  Law  ton,  '94. 
G.  Rosenbusch,  '94. 


EXTRACTS  FROM  THE  ENGINEERING  PRESS. 


Henry  Morton. — "It  would  be  quite  impossible  within  the 
limits  of  this  article  even  to  give  the  titles  of  President  Morton's 
contributions  to  scientific  literature.  His  researches  have  been 
chiefly  on  the  subjects  of  chemistry  and  of  light,  though  many 
other  fields  have  been  locally  cultivated  by  him.  Soon  after  his 
settlement  at  Hoboken  he  was  called  upon  to  advise  and  assist,  as 
a  scientific  expert,  in  an  important  patent  litigation,  and  the  effi- 
ciency of  his  investigation  in  this  case  soon  led  to  his  being  called 
upon  in  others,  also  involving  difficult  scientific  problems,  and  thus  he 
soon  gained  and  has  since  held  the  position  of  leading  scientific  ex- 
pert in  New  York  and  its  vicinity,  and  the  revenue  derived  from  this 
class  of  professional  work  has  enabled  him  to  contribute  to  the 
growing  needs  of  the  Stevens  Institute  of  Technology,  not  only  by 
the  large  donations  already  noted,  but  by  many  others  involving  less 
amounts,  but  large  in  the  aggregate,  and  of  enhanced  practical 
value  from  their  timely  application. 

**  One  of  the  most  prominent  stenographers  employed  in  the 
New  York  courts  once  said  to  the  present  writer:  '  We  have  less 
trouble  in  taking  down  President  Morton's  testimony  than  with  that 
of  any  other  witness.  He  always  says  what  he  means,  and  sees  his 
way  ahead  so  far  that  if  there  are  ambiguities  or  forms  of  ex- 
pression likely  to  lead  to  confusion  in  the  questions  put  to  him  by 
the  lawyers  on  either  side,  he  always  straightens  them  out  in  the 
first  instance,  and  so  avoids  the  confusion  which  often  arises  from 
a  lack  of  clear  statement.  He  loses  no  time  in  making  his  answers, 
and  thus,  without  hurry,  gets  through  a  vast  amount  of  work  in  a 
^ay.'  ♦  *  * 

"  The  taste  for  drawing  which  led  Mr.  Morton  in  his  college 
days  to  illuminate  the  Rosetta  Stone  Report,  continued  to  prove  use- 
ful to  him  in  his  subsequent  work.  While  editor  of  the  Franklin 
Institute  Journal  he  frequently  drew  on  stone  illustrations  required 
for  that  publication,  and  constantly  prepared  pictures  or  diagrams 
for  the  illustration  of  his  lectures. 
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•*  In  later  life  he  has  been  able  to  gratify  his  artistic  taste  by 
collecting  a  number  of  paintings  by  our  best  American  artists  of 
the  non-impressionist  school,  such  as  Hertzog,  McCord,  Ferguson, 
Bricher,  Craig,  Turner,  Hawley,  and  Davis,  which  delight  all  those 
who  take  pleasure  in  what  is  intrinsically  beautiful.  In  the  Century 
Magazine  for  December,  1890,  and  for  May,  1893,  will  be  found  ex- 
amples of  a  poetic  vein  which  casual  acquaintances  would  not  have 
suspected,  but  which  has  often  been  a  source  of  pleasure  to  his  in- 
timate friends." — Prof,  Coleman  Sellers^  E.  D.,  in  Cassier's  Maga- 
zine^ August y  1894. 

The  Ferryboat  OF  To-Day. — **I  shall  stop  you   a  moment 
and  ask  you  to  step  on  the  upper  deck  of  a  New  York  ferryboat. 
Vou  must  not  expect  me  to  ask  you  into  the  pilot  house,  as,  unless 
you  have  a  pilot's  license,  the  law  forbids  it,  and  if  we  should  have 
a  collision  the  court  may  think  that  you  *  rattled  *  the  pilot  and 
mulct  our  boat  in  damages.     Now  look  around  and  see  the  every- 
day life  of  the  lower  Hudson.     There  to  the  southward  you  will  see 
an    ocean  tramp  threading  his  way  along.     Astern  are  a  steam 
lighter  and  a  tug  with  a  car  float  in  tow,  while  a  couple  more  tugs 
are  hunting  around  for  jobs,  like  beagles  searching  for  a  trail.    The 
giant  *  Campania  '  is  backing  out  of  her  berth,  her  monster  stacks 
witnessing  the  industry  of  her  stokers,  who  are  now  beginning  to 
shovel  coal  to  again  lower  the  eastbound  record.     A  Sound  steamer 
is  making  her  pier  further  down,  while  one  of  the  steamboats  bound 
^or  Coney  Island  is  rushing  downstream,  and  an  excursion  tow  is 
heading  slowly  for  Glen  Island.     In  between  them  all,  steadily  and 
surely,  a  dozen  ferryboats  are  carrying  their  human  freight  to  do 
the  daily  work  of  the  great  metropolis.     All  this  is  crowded  into  a 
square  mile  of  water  which  itself  is  moving  to  or  from  the  sea  at  2^ 
niiles  an  hour. 

"  Now  think  of  the  problem  set  to  the  ferryman.  He  must 
carry  in  safety,  across  this  crowded  harbor,  with  its  rapid  and 
changing  currents,  a  large  portion  of  the  business  population  of  one 
of  the  world's  great  centers  of  business.  It  is  estimated  that  the 
yearly  passenger  trips  between  New  Jersey  and  New  York  number 
70,000,000;  that  the  total  for  all  New  York  ferries  will  exceed  170,- 
000,000;  that  the  number  of  teams  carried  is  5,000,000.  This 
safety  can  be  secured  only  by  a  combination  of  good  discipline  and 
management  with  good  boats;  and  good  boats  are  those  which  not 
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only  can  withstand  the  effects  of  a  collision,  but  which,  better  still, 
are  able  to  avoid  it  and  to  come  uninjured  out  of  a  tight  place. 

"  You  want,  therefore,  first  of  all,  stopping  power;  after  that 
some  other  qualities,  as  handiness  in  steering,  quickness  in  starting, 
and  ice-fighting  qualities;  but  above  all,  and  again,  stopping  power. 
The  man  who  pays  the  bill  will  add  economy  in  first  cost  and 
operation.  These  are  the  data  of  the  designer.  Everyone  will  be 
perfectly  content  if  the  boat  can  make  12  or  13  knots  on  her  trial 
trip,  and  hold  the  same  number  of  statute  miles  at  full  speed  on  her 
route.  The  engineer  must  have  an  engine  that  he  can  repair 
quickly  and  cheaply,  and  that  will  do  the  backing  when  called  on, 
and  not  stick  on  centers  or  churn  up  the  water  uselessly.  The  hull 
must  be  well  shaped,  so  that  it  will  steer  quickly,  and  will  not  sink 
at  the  bow  when  loaded  by  the  head.  It  must  be  good  for  ice 
work,  with  easy  lines,  and,  above  all,  must  be  staunch  and  strong 
and  as  nearly  unsinkable  as  skill  and  money  can  make  it. 

♦  4c  4c 

"  The  nine  North  River  screw  boats  built  thus  far  are  the  finest 
fleet  of  ferry  craft  the  world  has  yet  seen.  They  can  and  do  carry 
their  passengers  at  a  speed,  with  a  degree  of  comfort,  safety,  and 
regularity,  unequalled  before  their  day;  the  thickest  ice  and  the 
heaviest  gales  have  not  thrown  them  behind  their  schedule;  the 
small  number  of  accidents  they  have  met,  and  the  comparative 
immunity  of  their  passengers  from  injury  in  those  that  have  hap- 
pened, attest  their  safety,  while  their  unquestioned  popularity  is  the 
best  evidence  that  they  render  the  public  good  and  acceptable 
service.'* — Col.  E.  A.  Siez'ens,  in  Gassier  s  Magazine^  August^  1894. 


CoMPAkisoN  OF  Different  P'ormul/e  for  Dimensions  of 
Parts  of  Steam  Engines. — **  The  writer  has  had  occasion  to  study 
the  formulae  for  dimensioning  of  parts  of  steam  engines  given  by 
different  writers,  especially  those  given  by  Rankine,  Thurston, 
Marks,  Whitham,  and  Seaton. 

**  For  the  purpose  of  making  a  comparison  of  the  formulae  it 
was  considered  advisable  to  test  them  by  applying  them  to  several 
assumed  cases,  covering  a  very  wide  range  of  sizes.  Three  diam- 
eters of  cylinders  were  selected — viz.,  10,  30,  and  50  inches,  with 
indicated  horse-powers,  for  about  the  most  economical  load,  of  50, 
450,  and  1,250.  A  short-stroke  and  a  long-stroke  engine  of  each 
"ze  were  taken,  the  short  stroke  having  a  length  about  equal  to  the 
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diameter,  and  the  long  stroke  a  length  about  equal  to  two  diameters. 
"  The  results  of  these  tests  of  the  different  formulae  showed  in 
many  cases  a  wide  divergence;  thus,  for  thickness  of  cylinder  of  the 
lo-inch  engine,  they  range  from  .33  to  1.13  inches,  and  of  the  50- 
inch  engine  from  1.56  to  3  inches;  for  thickness  of  cylinder  head 
of  the  same  engines  the  range  is  from  .30  to  1.15  inches  and  from 
1.50  to  2.75  inches. 

"  The  principal  formulae  and  the  results  of  the  study  in  con- 
densed form  are  given  below.  Many  formulae  which  are  not  given 
t)elow  were  rejected  during  the  study,  either  as  practical  duplica- 
tions of  other  formulae  given  in  other  forms,  or  because  they  gave 
results  far  outside  of  the  range  of  probability" — William  Kent, 
J^,  E.y  '76,  in  American  Machinist,  July  26,  1894. 


The  Ideal  Preparatory  School  for  Engineering  Stu- 
dents.— "What  preparatory  training  should  a  student  have  before 
entering  an  engineering  school  ?  The  preparatory  training  must  be, 
of  course,  such  as  will  fit  the  student  to  pass  the  entrance  examinations 
of  the  technical  school,  and  such  as  will  give  him  sufficient  mental 
discipline  to  enable  him  to  pursue  its  courses.  The  minimum 
possible  preliminary  training  would  be  an  ordinary  grammar  school 
education  plus  mathematics  up  to  that  point  at  which  the  freshman 
class  in  the  technical  school  begins.  The  desirable  amount,  how- 
ever, is  far  greater  even  to  the  extent  of  including  an  ordinary  four- 
year  academic  or  collegiate  course,  and  in  the  case  of  the  mechanical 
engineering  student,  some  workshop  experience. 

''What  should  be  aimed  at  by  a  preparatory  school  is  a  com- 
promise between  these  two  extremes.  If  it  gives  the  student  only 
such  training  as  will  fit  him  to  enter  the  technical  school  and  to 
pursue  its  studies,  his  education  is  likely  to  be  one-sided  and  narrow, 
<*nd  when  he  graduates  he  will  not  have  that  broad  foundation  of 
general  culture  which  the  modern  profession  of  engineering  requires. 
If>  on  the  contrary,  it  gives  him  the  old-fashioned  collegiate  course, 
with  four  years  of  Greek  and  Latin,  intellectual  philosophy,  ancient 
history,  and  the  like,  much  of  his  time  will  be  wasted  on  mental  pad- 
ding, which  is  not  necessary  either  for  mental  discipline  or  for 
general  culture,  and  is  entirely  useless  as  a  professional  equipment 
of  an  engineer." — William  Kent,  '76,  ///  Cassicrs  Ma^^azitie,  August, 
1894. 


THE  CHAMPIONS  OF  THE  INTER-COLLEGIATE  LACROSSE 

ASSOCIATION. 


IT  is  with  quickening  pulse  and  brightening  eye  that  Stevens 
men,  the  world  over,  learn  of  high  achievement  by  Stevens 
students,  whether  it  be  in  their  college  work,  in  their  inter- 
collegiate sports,  or  in  their  contact  with  the  duties  and  oppor* 
tunities  of  professional  life. 

Such  an  achievement  is  the  winning  of  the  proud  position  of 
Champions  of  the  Inter-collegiate  Lacrosse  Association  by  Stevens 
team  of  1894. 

The  records  of  the  members  of  the  team  as  published  in 
Stevens  Life  are  given  herewith,  and  a  picture  of  The  Champions 
will  serve  to  introduce  them  to  Stevens  Alumni,  from  all  of  whom 
they  are  entitled  to  a  cordial  greeting  wherever  met. 

Morris  W.  Kellogc,  '94,  captain,  of  Elizabeth.  N.  J.,  is  20  years  old, 
5  feet  II  inches  tall,  weighs  155  pounds,  and  plays  ist  attack.  His  first 
experience  at  lacrosse  was  in  his  Freshman  year,  playing  in  the  'Varsity 
ever  since,  and  being  unanimously  elected  captain  for  the  year  just  passed. 
He  has  played  in  his  class  foot-ball  and  lacrosse  teams,  and  was  captain  of 
the  class  lacrosse  during  his  Sophomore  year.  He  played  on  the  'Varsity 
foot-ball  team  last  fall. 

W.  H.  CoRUETT,  '95,  of  Brooklyn,  N.  Y.,  is  24  years  old,  5  feet  10  inches 
tall,  and  weighs  165  pounds.  He  plays  point,  and  has  played  on  the 
'Varsity  since  entering  college.  He  has  played  in  all  the  class  teams,  and 
was  captain  of  the  Sophomore  lacrosse  team.  He  played  on  the  'Varsity 
foot-ball  team  last  fall.  He  has  been  unanimously  elected  captain  of  the 
team  for  next  vear. 

« 

Gkoriie  B.  Fielder.  Jr.,  '94,  of  Jersey  City,  N.  J.,  is  23  years  old, 
5  feet  105^  inches  tall,  and  weighs  160  pounds.  He  plays  3d  defense  on 
the  team,  and  has  played  for  two  years,  besides  playing  in  all  the  class 
teams,  being  captain  of  the  Freshman  base-ball  team.  He  has  played  on 
the  'Varsity  foot-ball  team  for  three  years,  and  played  on  the  Preparatory 
team  of  'So. 
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C  W.  MacCord,  Jr..  '94,  of  Hoboken,  N.  J.,  is  20  years  old,  5  feet  5 
inclies  tall,  and  weighs  160  pounds.    He  plays  outside  home  and  ist  attack, 
and  Inas  played  on  the  'Varsity  since  entering  college.     He  has  also  played 
on  t.l^e  'Varsity  foot-ball  team  for  four  years,  and  all  the  class  teams,  be- 
sides the  Preparatory  team  of  '88. 

E.  Hutchinson,  '95,  of  Brooklyn,  N.  Y.,  is  22  years  old,  6  feet  tall, 
wei^gr^lis  165  pounds,  and  plays  inside  home.  He  has  played  for  three  years 
on  ^l^e  lacrosse  team,  and  for  three  years  on  the  foot-ball  team,  besides 
the    ^x^arious  class  teams. 

Howard  H.  Maxfield,  '95,  of  Elizabeth,  N.  J.,  is  20  years  old,  5  feet 
7K  xx3ches  tall,  and  weighs  135  pounds.  He  plays  ist  defense,  and  has 
P^^3^^d  on  the  'Varsity  team  ever  since  entering  college,  beside  class  base- 
^^1 »    foot-ball,  and  lacrosse  teams. 

Pascal  N.  Strong,  '96,  of  Savannah,  Ga.,  is  19  years  old,  6  feet  2 
incb.^  tall,  weighs  175  pounds,  and  plays  cover  point.  He  has  played  on 
^^^    team  for  two  years,  besides  the  class  lacrosse  team. 

"VT.  E.  Jennings,  '96,  of  South  Orange,  N.  J.,  is  20  years  old,  is  5  feet  6 
inch  ^  tall,  and  weighs  138  pounds.  He  plays  center,  and  this  is  his  first 
yea.x"  on  the  'Varsity,  although  he  has  played  two  years  on  his  class  team. 

P.  H.  Coyne,  '94,  of  East  Orange,  N.  J.,  is  21  years  old,  5  feet  io>^ 

*^^^^s  high,  weighs  165  pounds,  and  plays  goal,  which  position  he  has 

"^^^    for  four  years.     He  has  played  on  the  'Varsity  foot-ball  team  for  four 

^^^-*"«,  and  was  captain  the  last  two,  and  was  also  captain  of  his  class  team 

^*^i3g  the  Sophomore  year.     He  is  captain  of  the  O.  A.  C.  foot-ball  team 

*^^   *^  <xt  year.     He  has  played  on  all  his  class  teams,  and  was  captain  of 

^^    Preparatory  School  base-ball  team  of  '90. 

T.  E.  Jewell,  '95,  of  Brooklyn,  N.  Y.,  is  22  years  old,  5  feet  t%  inches 
,  ^1 «    'Weighs  140  pounds,  and  plays  3d  attack.     He  has  played  for  two  years 
^^e  'Varsity,  besides  playing  on  his  class  lacrosse  team  for  two  years. 

-A.  E.  Whitman,  '96,  of  Brooklyn,  N.  Y.,  is  21  years  old,  6  feet  i  inch 
^^^    «nd  weighs  160  pounds.    He  plays  2d  defense,  and  has  played  one 
^^^^"-    He  has  played  for  two  years  on  his  class  lacrosse  team. 

X^.  E.  Bruckner,  '96,  of  Hoboken,  N.  J.,  is  19  years  old,  5  feet  5  inches 
^*  >    iveighs  138  pounds,  and  plays  2d  attack.    This  is  his  first  year  on 
^    "ATarsity,  though  he  has  played  on  his  class  lacrosse  team  for  two 
^*^*^^,  being  captain  of  Freshman  year. 

^oss  S.  Scott,  Jr.,  S.  S.,  of  Baltimore,  Md.,  is  18  years  old,  5  feet  6 
v^  high,  and  weighs  140  pounds.     He  played  inside  home.    This  is 

^^^  ^rst  year  on  the  'Varsity,  though  he  played  on  the  'Varsity  base-ball 
^^^5^  for  two  years,  was  captain  of  the  Preparatory  School  team  for  three 
y^^rs,  and  captain  of  the  Preparatory  School  lacrosse  team  the  present 
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LACROSSE. 

In  spite  of  the  prophecy  of  that  most  eminent  authority  on  college 
athletics,  Caspar  R.  Whitney,  that  all  hopes  for  the  furtherance  of 
lacrosse  interests  in  American  colleges  would  depend  upon  Lehigh  and 
Johns  Hopkins  Universities,  at  the  close  of  this  season  of  1894  we  can  look 
back  upon  sweeping  victories  for  Stevens  on  all  sides.  One  new  banner 
already  decorates  the  walls  of  our  library,  and  before  long  they  will  be 
still  further  embellished  by  the  Championship  Banner  of  the  Intercollegiate 
Lacrosse  Association  for  1894. 

The  games  played  were  as  follows: 

April  21,  at  Hoboken;  Stevens  3,  Crescent  A.  C.  6. 

May  I.      **  Bay  Ridge;  **       i,        '*  **      3. 
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9,  "  Ithaca;  '*  4,  Cornell  University,  i. 

12,  *'  Hoboken;  '*  7,  Johns  Hopkins  University,  5. 

19,  *'  Orange;  **  2,  Cresent  A.  C,  4. 

**  26,  "  South  Bethlehem;  **  3,  Lehigh  University,  2. 

"30,  '*  Jersey  City;  '*  i,  Crescent  A.  C,  o. 

Stevens  7's.  Crescents. — The  lacrosse  season  was  opened  by  two 
games  with  the  team  of  the  Crescent  Athletic  Club,  and  two  other  games, 
besides  practice  games,  were  played  with  that  club.  In  all  these  games 
except  the  last  Stevens  was  defeated.  The  last  one  was  played  in  con- 
nection with  the  Decoration  Day  games  of  the  New  Jersey  Athletic  Club. 
Either  the  inspiration  due  to  the  presence  of  5,000  spectators  or  a  deter- 
mination to  close  the  season  by  defeating  their  most  powerful  rivals 
helped  the  team  to  work  and  win,  and  when  time  was  called  Captain 
Kellogg  was  presented  with  a  very  handsome  banner,  which  is  now  to  be 
seen  hanging  in  the  library.^ 

Stevens  vs,  Cornell. — The  team  started  tor  Ithaca  on  the  evening  of 
Monday,  May  8.  Cornell  had  already  defeated  Johns  Hopkins,  and  the 
Cornellians  had  great  expectations  of  success  with  Stevens,  but  they  were 
doomed  to  disappointment,  for  the  Stevens  defense  proved  to  be  almost 
impregnable  to  their  attack.  Though  Cornell,  also,  had  a  strong  defense, 
the  Stevens  attack  were  able,  by  some  skillful  tipping  and  passing,  to 
score  four  goals. 
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The  teams  lined  up  as  follows: 

Stevens,  Cornell, 

Coyne Goal Findlay. 

Satorious Point Taylor. 

Strong Cover  point Douney. 

Whitman ist  defense Tobin. 

Hutchinson 2d       •*       Osborne. 

Fielder ....3d       "       Franchot. 

Jennings Center Bell. 

Jewell 3d  attack Oura. 

Bruckner 2d      *•      Powell. 

Kellogg  (Capt.)  ist     '*     .Purman. 

MacCord Outside  home Leighton. 

Scott Inside        "     Swindells. 

Stkvens  vs,  Johns  Hopkins. — The  first  game  of  the  championship 

series  of  1894  was  won  by  Stevens  on  Saturday.  May  12,  by  a  score  of  7 

to  s.    The  c:ame  was  characterized  on  the  part  of  both  teams  by  an 

inability  to  pick  up  the  ball,  and,  consequently,  by  a  great  deal  of  shinney. 

Nevertheless,  Stevens  did  brace  up  occasionally,  and  it  is  significant  that 

all  their  seven  goals  were  scored  at  these  phases  of  the  game,  and  by  good 

clean  shots,  while  those  of  Hopkins  were  scored  by  their  massing  their 

attack  about  the  Stevens  goal  and  batting  or  kicking  the  ball  between  the 

posts.    The  defense  did  not  cover  as  well  as  they  might  have  done,  and  at 

times  the  Hopkins  attack  played  all  around  them,  securing  a  great  many 

shots  for  goal. 

The  positions  were  filled  as  follows: 

Stevens.                                                                          Johns  Hopkins. 
Coyne Goal Crenshaw. 

Corbett Point Penniman. 

Strong Cover  point Dawson. 

*^lxitnian ist  defense Mitchell. 

^''xackner 2d        *'       F.K.Cameron. 

^i^lder 3d        "       Straus. 

J^duings Center Janney. 

J^v^ell 3d  attack Roszel. 

Kellogg  (Capt.) 2d       ♦'      T.  Cameron  (Capt.) 

^^-cCord ist      **       Hodges. 

S^^=>tt Outside  home Boude,  B. 

Hvatchinson Inside        "      Hill. 

Hopkins  takes  the  ball,  and  with  the  sun  at  their  backs  they  try  twice 

(ox-    goal.      Bruckner  gets  the  ball  and   passes  to  MacCord,  who  scores 

Stevens'  first  goal  within  three  minutes  after  the  ball  was  faced.     After 

some  shinney  play  Coyne  stops  the  ball  again  and  Corbett  passes  it  up  the 

ft^ld.    Hopkins  throws  wildly,  Jennings  plays  well,  and  Penniman  saves 

^^pkins*  goal.     The  ball  travels  around  the  field  some  time,  until  Jewell 

Passes  from  the  center  to  Kellogg,  who  puts  it  easily  between  the  posts. 
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scoring  Stevens*  second  goal.  Within  five  minutes  Jennings  scores  the 
third.  Penniman  again  saves  Hopkins'  goal,  and  shortly  after  Straus 
scores  for  Hopkins.  After  Kellogg  scores  the  fourth  the  ball  is  kept  for 
lo  minutes  about  Hopkins'  goal,  but  wild  throwing  on  the  part  of  Steveps 
and  good  play  for  Hopkins  by  Crenshaw  and  Dawson  prevents  Stevens 
from  scoring.  The  ball  finally  goes  to  Coyne  again;  he  stops  it,  but  Hill 
shoves  it  through  in  a  scrimmage.  The  first  half  ends  here,  the  score 
being-  Stevens,  4;  Hopkins,  2. 

The  second  half  begins  by  T.  Cameron  scoring  for  Hopkins.  The 
ball  now  oscillates  several  times  from  goal  to  goal,  trials  being  made  by 
both  sides,  and  Boude  finally  scoring  for  Hopkins,  tieing  the  score. 
Stevens  again  rises  to  the  emergency,  Kellogg  and  Scott  each  scoring  a 
goal.  The  play  here  grows  very  brisk,  and  continues  so  until  the  end  of 
the  game,  before  which  each  side  scores  one  more  goal,  making  the  score: 
Stevens,  7;  Hopkins,  5. 

The  umpires  were  Mr.  H.  Boude,  of  Johns  Hopkins,  and  Mr.  Martin, 
of  Stevens.  '92.    The  referee  was  Mr.  Evans,  of  the  New  York  A.  C. 

Stevens  vs.  Lehigh. — The  final  and  deciding  game  of  the  lacrosse 
championship  series  of  1894  was  won  by  Stevens  at  South  Bethlehem,  Pa., 
on  Saturday,  May  26,  by  a  score  of  3  goals  to  2. 

The  annual  inspection  trips  of  the  Stevens  Juniors  and  Sophomores 
were  arranged  in  such  a  way  that  over  one  hundred  men  were  on  hand  to 
cheer  for  Stevens.  The  presence  of  all  these  men  in  town  on  Friday  and 
Saturday  must  have  aroused  considerable  interest  in  the  game,  for  the 
grand  stands  were  filled  and  all  the  standing  room  occupied. 

The  game  is  said  to  have  been  the  most  exciting  ever  played  on  the 
Lehigh  field.  The  playing  was  clean  and  quick,  many  brilliant  plays  being 
made  by  both  teams,  and  from  start  to  finish  neither  side  could  feel 
assured  of  victory.  The  defense  of  each  team  was  better  than  its  attack, 
but  the  Lehigh  attack  did  some  very  pretty  and  effective  tipping  and 
passing,  keeping  the  Stevens  defense  extremely  busy,  and  it  was  evident 
that  Stevens  grit,  rather  than  fine  play,  won  the  game. 

The  teams  were  as  follows: 

Stevens.  Lehigh. 

Coyne Goal Buell. 

Corbett Point Dick. 

Strong Cover  point Roderick. 

Maxfield ist  defense Ordway  (Capt.) 

Whitman 2d        "       Polhemus. 

Jewell  3d        "       Dornin. 

Jennings Center Kip. 

Fielder 3d  attack Massey. 

Kellogg  (Capt.) 2d      "      Baldwin. 

Bruckner ist    **      . .  .Coleman. 

MacCord Outside  home Hilliard. 

Hutchinson Inside        "      Van  Maur. 
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Stevens  took  the  east  goal,  and  the  ball  was  faced  at  3.35  p.  m.  The 
play  was  very  close  for  the  first  quarter  of  an  hour,  until  Van  Maur,  in  the 
absence  of  Coyne  from  goal,  scored  Lehigh's  first  goal.  Stevens  appeared 
rattled,  and  things  looked  black  when  Hilliard,  within  10  minutes,  scored 
the  second  goal  for  Lehigh.  It  proved  to  be  the  last,  however,  for  Stevens 
began  to  put  up  a  splendid  game,  and  it  was  not  long  before  Kellogg  suc- 
ceeded, by  some  clever  dodging,  in  scoring  Stevens*  first  goal.  For  the 
remainder  of  the  first  half  neither  side  scored  and  it  ended  with  the  score: 
Stevens,  i;  Lehigh,  2. 

.  The  second  half  was  an  exhibition  of  fine  play  and  close  play,  for, 
though  Lehigh  did  not  score  again,  they  often  came  very  close  to  doing  so, 
and  gave  Coyne  several  opportunities  to  stop  the  ball.  Early  in  the  half 
MacCordtied  the  score  on  a  pass  from  Kellogg,  to  the  evident  relief  of  all 
the  Stevens  contingent  on  the  bleaching  boards,  and  soon  afterwards  Mac- 
Cord  gave  Stevens  the  lead  by  a  long  throw  past  several  of  the  Lehigh 
defense.  This  was  the  last  goal  scored  and  it  gave  Stevens  the  Champion- 
ship, though  no  one  could  feel  sure  of  that  until  the  referee  blew  his 
whistle  25  minutes  afterwards. 

The  umpires  were  Messrs.  Floyd  and  Satorious,  and  the  referee  Mr. 
Roberts,  of  the  Crescent  A.  C. 

FOOT-BALL. 

The  delegates  of  the  Middle  States  Foot-ball  League  met  at  the  Astor 
House  Tuesday,  May  22,  at  2  p.  m.  Lafayette  was  represented  by  Captain 
Strader  and  Manager  Miller,  Rutgers  by  Manager  Lefferts,  and  Stevens 
by  Captain  Kerable. 

Mr.  Strader,  of  Lafayette,  was  elected  President  for  the  ensuing  year, 
and  Mr.  Kemble,  of  Stevens,  was  elected  Secretary-Treasurer. 

The  following  schedule  of  games  was  arranged: 

Lafayette  vs.  Rutgers,  at  New  Brunswick,  Saturday,  October  6. 

Rutgers  vs.  Stevens,  at  Hoboken,  Wednesday,  October  17. 

Stevens  vs.  Lafayette,  at  Easton,  Saturday,  October  27. 

FIELD    GAMES. 

Owing  to  the  lack  of  financial  aid  the  Board  of  Directors  of  the  Athletic 
Association  abandoned  the  project  of  awarding  medals  to  the  winners  in 
^^  Field  Day  contests,  and  also  decided  not  to  compete  this  year  with 
^'itgers.  The  annual  field  games  were  held  on  June  i.  But  few  entries 
^®re  made,  and  little  interest  was  manifested  by  the  few  spectators  pres- 
®^^'    The  results,  ridiculous  as  they  were,  are  given  below: 

One  hundred-yard  dash — ist,  Jennings,  loj  seconds;  2d,  Harrison;  3d, 
Hewitt. 

Two  hundred  and  twenty-yard  dash — 1st,  Jennings,  24^  seconds;  2d, 
Hewitt;  3d.  Kennedy. 

Four  hundred  and  forty-yard  dash — 1st.  Chambers,  64  seconds;  2d, 

Kemble. 


242  Institute  Notes, 

One  hundred  and  twenty-yard  hurdle — ist,  Strong,  16I  seconds;  2d» 
Craft;  3d,  Hollingsworth. 

Three-legged  race — ist.  Kemble  and  Harrison,  13J  seconds;  2d,  Whit- 
man and  Strong;  3d,  Hunt  and  Gunnison. 

One-mile  run — 1st,  Chambers,  5  minutes  30  seconds;  2d,  Munby;  3d, 
Leber. 

Lacrosse  ball  throw— ist,  MacCord,  320  feet  5  inches;  2d,  Corbett;  3d, 
Strong. 

Base-ball  throw— ist,  Hardie,  316  feet  4 inches;  2d,  Cooper;  3d,  Hunter. 

Putting  the  16-pound  shot— ist,  Kemble,  30  feet  \i%  inches;  2d,  Whit- 
man; 3d.  Corbett. 

Throwing  the  hammer— ist,  Corbett,  70  feet;  2d,  Cooper;  3d,  Whit- 
man. 

Running  broad  jump — ist,  Kemble,  17  feet,  1054  inches;  2d,  Bruckner; 
3d.  Hunt. 

Running  hij^h  jump^ist.  Strong,  5  feet  i  inch;  2d,  Corbett;  3d,  Lent. 

Standing  broad  jump — ist,  Gunnison,  9  feet  2  inches;  2d,  Fielder;  3d, 
Strong. 

The  officers  of  the  day  were:  Referee,  J.  H.  Cuntz;  Judges,  M.  E. 
Craft.  H.  D.  Lawton;  Timers,  Prof.  F.  Lawton,  M.  W.  Kellogg;  Starter, 
Dr.  F.  L.  Sevenoaks;  Clerks  of  Course,  R.  E.  Hall,  Latimore  Carter; 
Measurers,  F.  V.  Lawrence,  L.  Becker;  Announcer,  A.  A.  Dal  Molin. 
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In  a  decision  recently  rendered  by  His  Honor  Judge  Dallas,  of  the  U. 
S.  Circuit  Court,  the  claims  of  a  patent  on  a  water  meter  invented  by  L. 
H.  Nash.  M.  E.,  of  '77,  have  been  sustained. 

President  Morton  acted  for  Mr.  Nash  as  expert  witness  in  this  suit,  and 
in  his  •'opinion"  Judge  Dallas  says:  *'  The  testimony  of  Dr.  Morton,  and 
the  experimental  tests  made  and  recounted  by  him,  fully  satisfy  me  that 
the  disk.shaped  skeleton  of  the  defendant  is  identical,  in  the  sense  of  the 
patent  law,  with  the  ring-shaped  skeleton  shown  in  the  patent." 

It  is  by  no  means  usual  to  find  the  decision  of  a  judge  referring  to  an 
expert  witness  by  name  and  we  are  informed  that  in  the  opinion  of  the 
lawyers  conducting  the  suit  for  Mr.  Nash,  President  Morton's  experiments 
won  this  case. 

Electricity  of  June  27  has  an  illustration  showing  the  members  of  the 
International  Niagara  Commission,  of  which  Dr.  Coleman  Sellers  is  so 
prominent  a  member. 


Institute  Notes,  243 

Francis  George  Brandes,  a  member  of  the  class  of  '96,  while  out  in  a 
yacht  with  a  fnend  on  Long  Island  Sound  near  Good  Grounds,  fell 
overboard  and  was  drowned  on  July  18.  His  body  was  recovered,  and  the 
funeral  service  was  held  at  the  home  of  his  parents,  142  West  One  Hundred 
and  Twenty-second  Street,  on  Saturday,  the  21st,  when  a  number  of  his 
classmates,  among  whom  he  was  both  esteemed  and  popular,  were 
present. 

In  Memoriam. 

Francis  George  Brandes.  '96. 

Whereas,  It  has  been  the  will  of  Almighty  God  to  take  from  us  our 
"beloved  friend  and  classmate,  Francis  George  Brandes  ;  and 

WhereaSy  We,  the  Class  of  Ninety-six  ('96)  have  lost  in  him  a  class- 
mate whose  noble  and  unselfish  character  has  won  for  him  our  deepest 
love  and  respect,  and  whose  death  has  caused  us  sincere  sorrow;  be  it 
therefore 

Resolved^  That  we  express  our  grief  by  these  resolutions,  which  shall 
be  preserved  in  the  annals  of  the  class,  and  which  shall  appear  in  the 
Stevens  publications;  and  be  it  also 

Resolved^  That  in   token  of  our  deep  sympathy  for  his  bereaved 
family  we  tender  them  a  copy  of  these  resolutions. 

Baylies  C.  Clark. 
W.  CuLLEN  Morris. 
Rudolph  E.  Bruckner. 

Cotnmittee. 

In  the  Department  of  Mechanical  Drawing  the  experiment  has  this 
year  been  tried  of  requiring  each  student  in  the  Freshman  Class  to  pass 
an  examination  on  the  first  62  pages  of  •'  Practical  Hints  for  Draughts- 
nien "  before  undertaking  his  sketching  exercise  in  the  Supplementary 
Term.  The  result  has  demonstrated  the  desirability  of  compelling,  by 
such  examinations,  attention  to  the  principles  and  illustrations  set  forth 
m  the  text-book.  Better  average  work  has  been  done,  and  with  less 
expenditure  of  time  by  the  students. 
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//  ts  our  endeavor  to  notice  under  this  heading  such  items  of  news 
affecting  graduates  of  the  Institute  as  may  interest  their  classmates 
and  friends  among  the  Alumni.  We  are  indebted  to  a  few  members 
for  regular  or  frequent  contributions  of  items  y  and  wish  to  make  it 
known  that  the  co-operation  of  all  is  most  desirable^  and  will  be 
appreciated.  Managing  Editor. 

'76. 
William  Kent,  who  has  had  occasion  to  study  the  formulas  for  di- 
mensioning of  parts  of  steam  engines  given  by  prominent  writers  on  the 
subject,  has  found  these  formulas  to  frequently  give  results  widely  diver- 
gent, and  has  beg^n  the  publication  in  the  American  Machinist  of  a 
•'  Comparison  "  of  these  formulas  which  should  greatly  facilitate  the  selec- 
tion of  the  fittest  by  students  in  engine  design. 

*8i. 

Alex.  C.  Humphreys  has  announced  his  intention  of  resigning  his 
position  as  General  Superintendent  of  The  United  Gas  Improvement  Co., 
to  take  effect  August  i ,  and  of  then  devoting  his  energies  to  the  interests 
of  his  firm,  Humphreys  &  Glasgow,  which  has  been  operating  in  Europe 
for  the  past  year,  and  for  which  he  will  open  a  New  York  office. 

Albert  Spies  gives  an  interesting  account,  elaborately  illustrated,  of 
an  ascent  of  Pike's  Peak  by  rail  in  the  June  number  of  CasselVs  Maga- 
zine. 

'82. 

Pierce  Butler  in  May  closed  his  connection  with  the  Louisville  and 
Nashville  Railroad,  with  which  he  had  been  four  years  Chief  Draughtsman 
and  Mechanical  Engineer,  and  is  spending  the  summer  in  Europe. 

•84. 

Kenneth  Torrance  was  appointed  Engineer  at  the  Ridgewood  pump- 
ing station  of  the  water-works  of  the  city  of  Brooklyn,  N.  Y.,  on  August  i 
by  City  Works  Commissioner  White. 

Mr.  White  had  applied  to  the  Civil  Service  Commission  for  an  eli- 
gible list  of  chief  engineers,  and  an  examination  was  held.  There  were '23 
applicants,  of  whom  four  failed  to  appear,  four  withdrew  while  the  exam- 
ination was  in  progress,  one  was  canceled,  10  failed  to  pass  with  70  per 
cent,  to  their  credit,  and  only  four  secured  places  on  the  eligible  list. 
Commissioner  White  has  appointed  Kenneth  Torrance,  of  No.  184  Colum- 
bia Heights,  who  secured  92  per  cent.,  and  stood  at  the  head  of  the  list. 
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^e  ^^as  graduated  at  the  Stevens  Institute  in  Hoboken  in  1884,  and  has 
had  An  office  in  Chicago  recently.  The  salary  of  his  new  office  is  $2,500 
and  a  house.     Mr.  Torrance  is  31  years  old  and  recently  married. 

'35. 

Joseph  S.  McCoy,  Jr.,  received  the  degree  of  Master  of  Laws  from  the 
^^^or-jjetown  University  on  June  1 1  at  the  Academy  of  Music,  Washington, 


Sjchard  H.  Rice  is  Treasurer  of  the  newly  incorporated  Rice  & 
^^r-^r-^nt  Engine  Company,  of  Providence,  R.  I,  which  has  been  organized 
^^  ^laild  the  Rice  &  Sargent  engine.  This  engine  is  described  as  a  *•  four- 
^^I'V'^  automatic  cut-off  engine  having  rotary  Corliss  valves,  double- 
P^^J^t^d,  provided  with  a  trip  gear,  and  especially  designed  for  electric 
*^^  cable  plants,  mills,  and  other  work  requiring  an  engine  fitted  for 
'^^^^'v^  and  continuous  service  and  close  regulation  of  speed." 

-After  graduating  Mr.  Rice  was  draughtsman  with  the  Bath  Iron 
'^^ox-lcs  for  one  year;  and  for  three  years  was  Chief  Draughtsmah  for  E.  D. 
^--•^^^iiritt,  for  whom  he  designed  some  very  ponderous  engineering  work. 
™^^^"  the  past  four  years  ho  has  been  the  Mechanical  Engineer  and  Superin- 
^^'^ci^nt  of  the  WUliam  A.  Harris  Steam  Engine  Company,  of  Providence, 
^r.  John  W.  Sargent,  the  Secretary  of  the  new  company,  has  had 
^^^^^xisivo  experience  with  the  William  Cramp  &  Son*s  Ship  and  Engine 
^^^ilcJing  Company,  E.  D.  Leavitt,  and  the  Dickson  Manufacturing 
pany. 
^he  President,  Mr.  R.  A.  Robertson,  and  the  Vice-President.  Mr.  Z. 
Tee  are  respectively  Treasurer  and  President  of  the  Builders  Iron 
^^dry,  of  Providence. 

'86. 

^DwiN  J.  Cook  has  removed  to  Cleveland,  O..  to  take  charge  of  the 
traction  work  of  a  large  station.     His  address  is  care  of  the  Cleveland 
^ral  Electric  Company. 

Edward  P.  White  is  acting  as  consulting  engineer  on  general  work. 
Address  is  124  First  Street,  Bayonne,  N.  J. 

C  J.  Field,  having  taken  the  business  of  the  Field  Engineering  Com- 
^^•-*:^  into  his  own  name,  remains  at  his  former  address,  143  Liberty  Street, 
^'^^  York,  as  consulting  and  supervising  engineer. 

•87. 

^         Matthew  C.   Jenkins  has  been  elected  to  full  membership  in  the 

^^^^rican  Society  of  Mechanical  Engineers.     In  January  he  severed  his 

^^^^^ Section  with  the  firm  of  Post  &  McCord,  with  which   he  had  been 

^^^rly  five  years  as  Draughtsman  and  Superintendent,  and  is  now  Engi- 

^^^Tand  Agent  for  Coxe  Iron  Manufacturing  Co.,  Drifton,  Pa. 

•  Franklin    Moeller  may  be  addressed  at  336  West  Twenty-ninth 
^^eet,  New  York. 
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•88. 

Henry  A.  Bang  has  been  promoted  to  full  membership  in  the  Ameri- 
can Society  of  Mechanical  Engineers. 

Alten  S.  Miller  is  Engineer  of  Works  for  the  East  River  Gas  Com- 
pany at  Ravenswood,  Long  Island  City,  N.  Y. 

Joseph  A.  McElroy  is  in  charge  of  the  work  of  C.  J.  Field  at  Bridge- 
port, Conn. 

Fritz  Uhlenhaut,  Jr.,  for  the  past  year  has  filled  the  position  of  Chief 
Electrical  Engineer  with  the  Philadelphia  Traction  Company. 

*Q0. 

Luis  R.  Mendoza  is  General  Manager  of  the  Electric  Light  Company 
of  Oaxaca,  Mexico. 

'91. 

John  M.  Hanson  has  recently  completed  the  1,200000  cubic  feet 
water  gas  plant  erected  under  his  supervision  by  the  United  Gas  Improve- 
ment Company  for  the  New  Orleans  Gas  Company. 

Lloyd  H.  Nettleton  was  married  on  February  i  to  Miss  Reba 
Hedges,  at  the  home  of  the  bride.  Hoboken,  N.  J., by  Rev.  W.  R,  Jenvey. 

'92. 

Lucas  FernAndez  received  on  May  18  from  the  President  of  Costa 
Rica,  at  San  Jose,  the  appointment  of  General  Manager  of  the  Pacific 
Railroad,  and  General  Superintendent  of  Public  Works,  with  a  salary  of 
$3,000. 

Edward  L.  Jones  and  Miss  Lizzie  J.  Thompson  were  married  at  the 
home  of  the  bride's  father,  Mr.  S.  C.  Thompson,  Westfield,  N.  Y.,  on 
Thursday,  August  9,  by  the  father  of  the  groom.  Rev.  F.  C.  Jones,  of 
Newark,  N.  J. 

F.  E.  Law  holds  a  position  as  inspector  in  the  Fidelity  and  Casualty 
Company  Employers'  Liability,  of  140  Broadway,  New  York  City.  He  is 
connected  with  the  departments  of  steam  boiler  and  elevator  insurance. 

George  H.  Miller  is  with  the  Middle  States  Inspection  Buteau, 
which  is  an  association  of  fire  insurance  companies  for  the  inspection  of 
large  plants. 

'93- 

O.  G.  Dale  lias  been  in  the  drawing  room  of  the  National  Sugar 
Refining  Company,  Yonkers,  N.  Y..  since  graduating.  He  has  been  elected 
a  Junior  member  of  the  American  Society  of  Mechanical  Engineers. 

A.  E.  Merkel  is  with  the  Fairfield  Copper  Company,  at  the  works  at 
Monroe,  Conn. 
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^Journal  Franklin  Institut(»,  1873. 
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*  Van  Nostrand's  Magazine,  1883. 
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*Iron  Agfy  1876. 
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♦  Iron  Age^  1877. 


258  Subject  Catalogue  of  Graduation  Theses, 

VOL. 

Transmission  of  Heat  from  Steam  to  Water  through  Coils  of  Iron 
Pipe.    Kopp  AND  Meystre,  '93.      -  -  -  -  -  190 

HEATERS : 

Review  of  Mechanism  in  Equitable  Building,  New  York  City, 
Including  Boilers,  Engines,  Heaters,  Electric  Lighting,  etc. 
Fox  AND  Heiskell,  '86,        -----.  156 
HEATING : 

Determination  of  the  Heating  Powers  of  Coals  by  Means  of  the 

Mahler  Calorimeter.    Dale,  Inglis,  Paulsen,  and  Wilbor, '93,  188 
Heating  and  Ventilating.    Magee,  '83,  -  -  -  -    92 

Heating  and  Ventilation  of  the  New  York  Post-Office.     Fezandi£. 

*75. 7 

Heating  and  Ventilation  of  Symes  Theater.  Meyer  and  Whit- 
comb,  *92,        ...  .---"-  iqo 

HOISTING  : 

Hoisting  Machinery  (Review  of  Apparatus  for  a  Deep  Shaft). 

WhITNE\,  '89,  -  -  -  -  -  -  -   III 

ICE: 

Mechanical  Refrigerating  Machines  (Theory  and  Experimental 

Determination  of  Efficiency).    Jacobus  and  Renwick,  '84,      -  117- 

Hygeia  Ice  Plant,  Test  of.    Griswold,  Hupfel,  and  McKenzie,  '93,  19K 

Test  of  a  De  la  Vergne  Refrigerating  Machine.  Pulsford, 
Rosenbusch,  and  Shoemaker,  '94,  -  -  -  •  i< 

Test  of  Ammonia  Compression  Ice  Machine.  Anderson  and 
Page,  '87,        -  -  -  -  -  -  -  -i( 

Test  of  a  Pontifex  Refrigerating  Machine.  Graf  and  Whit- 
ney, '90,  ---.-.-.  17-7 

Test  of  Machines  and  Boilers  of  Cincinnati  Ice  Manufacturing 
and  Cold  Storage  Company's  Plant.  Anderson  and  Shreve, 
'88. 172 

Test  of  Refrigerating  Plant  of  the  Hodges  &  Havenstrite  System. 
Axford  and  Weeks,  '93,      -  -  -  -  -  -  191 

ILLUMINATION  : 

Petroleum  Illumination.     King,  '86,    -  -  -  -  -  160 

INCANDESCENCE  : 

The  Economy  of  Electric  Lighting  by  Incandescence.  Howell, 
'81, 72 

Test  of  the  Incandescent  Electric  Light  Plant  of  the  **  Navarro" 
Apartments,  New  York  City.     Dow  and  Oelbermann,  '91,      -  182 

INDICATOR  : 

Construction  and  Use  of  the  Steam  Indicator.    Stern,  '82,  -    89 

INJECTOR : 

Steam  Injectors.     Ladd,  *8i,      -  -  -  -  -  -    74 

The  Theory  of  Steam  Injectors  (Experimental  Investigation  and 
Revision  of  Theory).     Barnes  and  Fearn,  '84,   -  -  -  133 


Subject  Catalogue  of  Graduation  Theses,  259 

VOL. 

INSULATION  : 

Comparison  of  Insulating  Materials  for  Cold  Storage.    Parker 

AND  RiEGE,  *93,  -  -  -  -  -  -  -187 

Effect  of  Moisture  on  the  Insulation  of  Wire.     De  la  Rosa,  '91,  179 

IRON : 

Design  for  an  Iron  Foundry.     Raqu6,  '76,      -  -           -           -    26 

Design  for  an  Iron  Roll  Mill.    Cooke,  '79,     -  -           -           -    65 

Experimental  Determination  of  the  Magnetic  Properties  of  Mitis 

Iron.     Harvey.  *90,  -           -           -           -  -           -           -178 

Experimental  Determination  of  the  Strength  of  Malleable  Cast 

Iron.     Cook,  *86.       -           -           -           -  -           -           -  i59 

Experiments  on  Triangular  Cast-Iron  Beams.  Perkins,  *9i,         -  179 

JUTE : 

Jute  Manufacture  and  Machinery.     Lvall, '84,         •  -  -113 

Test  of  a  Westinghouse  Alternating  Arc  Lamp.     Brinckerhoff 
AND  Haworth,  '90,   -------  177 

The  Resistance  of  Incandescent  Lamps  at  High  E.  M.  P.  Flack, '87,  164 

LArNCH  : 

Design  and  Specification  for  a  Steam  Launch.     Mowton,  '86,  -  161 

Design  of  a  Compound  Launch  Engine.    Thomas,  *86,        -  •  162 

The  Machinery  of  Swift  Steam  Launches.    Gibbs,  '78,         -  -    40 

^A.THE : 

-A  New  Design  for  a  Turret  Lathe.     Richardson,  '89,         -  -  176 

^^OhtHOUSE: 

Lenticular  Illuminating  Apparatus  for  Lighthouses.     Bonn,  '78,  -    42 

LIME: 

Review  of  a  Plant  for  the  Manufacture  of  Wood  Spirit  and  Acetate 
of  Lime  at  Galeton,  Pa.     Corbett  and  Wells,  '92,        -  -  185 

Comparison  of  the  Ball  Automatic  Cut-off  Gear  and  Stephenson 
Link  Motion.    Jones,  '90,    -  -  -  -  -  -  176 

Locomotive  Link  Motions.     Riddle,  '81.        -  -  -  -    75 

The  Joy  Valve  Gear  versus  the  Stephenson  Link  Motion.     Hender- 
son. '83.  .-.-...-  106 

LOCOMOTIVE  : 

Report  on  Trial  of  Locomotive  No.  169,  C.  R.  R.  of  N.  J.*     Abbey 

and  Baldwin,  '85,      - 
Comparative  Tests   of  Compound  and  Simple   Locomotives    on 

N.  J.  C.  R.  R.     Kenyon,  Mathey,  and  Taylor,  '94, 
Development  of    Smoke-Boxes    of    Locomotives.        Field     and 

Wallis, '91,    --------  184 

Development  of  the  Locomotive.     Foster, '84,  -  -  -  119 

*  Engineerinf^^  London,  September,  1885. 


\ 


26o  Subject  Catalogue  of  Graduation  Theses, 

VOL. 

Disturbing  Forces  in  the  Locomotive.    White,  '79,  -  -    54 

Fast  Locomotives.    Ropes,  '83,  -  -  -  -  -  102 

Leading  Points  in  Locomotive    Construction  and  Performance. 

RusBY  AND  Stevens,  *85,      -  -  -  -  -  -  146 

Locomotive  Equipment  of  English  Railways.    Smith,  '89,  -  i75 

Locomotive  Construction.     Campbeli.,  '88       -  -  -  -  170 

Locomotive  Link  Motions.     Riddle,  *8i,         -  -  -  -    75 

Stability  of  Locomotives  (Mathematical  Investigation).    Carroll, 

'84,       -  -  -  -  -  -  -  -  -121 

Test  of  Locomotive  No.    171,  C.   R.  R.  of  N.  J.    Wolff   and 

Wynkoop.  *88,  -  -  -  -  -  -  -  173 

The  American  Locomotive  Engine  (Theory  and  Current  Practice). 

Dent,  '84.        -  -  -  -  -  -  -  -  135 

The  Locomotive  Engine.    Cooke,  '82,  -  -  -  -    81 

Theory  of  the  Tractive  Power  of  Locomotives.  Denton,  '75,  -  5 
A  New  Locomotive  Valve  Gear  and  System  of  Compounding. 

Connet,  '89,    --------  197 

LUBRICATION  : 

Materials  and  Apparatus  of  Lubrication.      Cartwright,  '82,         -    91 

MACHINE  : 

Arrangement  and  Superintendence  of  Machine  Shops.  Wilkes,  '85,  140 
Design  for  a  Dredging  Machine.     Zimmermann.  '76,  -  -    20 

Design  of  Machinery  for  a  Sugar  Refinery.     Koezly,  *75,  -  -      8 

Efficiency  Tests  of  Thomson  &  Houston  Series  Machines.     Nor- 
CROss  and  Sanborn, '91,      ------  183 

Elevator  Machinery  Construction  and  Operation.     Dreyspring, 
•85,       -  -  -  -  -  -  -  -  .141 

General  Plans  and  Estimates  en  Machine  Shops  for  the  Construc- 
tion of  Marine  and  Stationary  Engines.     Post,  '74,       -  -      2 
Harvesting  Machines.     Uehling,  '77,             -           -           -           -    33 

Hoisting  Machinery  (Review  of  Apparatus  for  a  Deep   Shaft). 
Whiting,  '84,  -  -  -  -  -  -  -iii 

Jute  Manufacture  and  Machinery.     Lyall, '84,         -  -  -  113 

Machinery  Operating  Canal  Lock  Gates.     Lederle, '81,     -  -     70 

Mechanical  Refrigerating  Machines  (Theory  and  Experimental 

Determination  of  Efficiency).    Jacobus  and  Ren  wick,  '84,       -  117 
Method  of  Testing  the  Accuracy  of  Machinery.     Hazard,  *78,       -    45 
Mowing    Machinery  (Including   Experimental   Determination  of 
Resistance).    Adriance,  '85,  -  -  -  -  -  153 

On  Hook's  Helical  Gearing  and  a  Machine  for  Making  It.     Thomp- 
son,'78,  .--.--..    38 
Paper  Machinery.     Kingsland,  '79,      -  -  -  -  -     60 

Review  of  a  Taber  Moulding  Machine.    Moore, '90,  -  -  177 

Review  of  the  Machinery  of  the  Towboat  "Coal  City.*'    Drum- 
MOND  and  Smith,  '88,  --.-..  1-2 


Subject  Catalogue  of  Graduation  Theses,  261 

VOL. 

Steam  Pumping  Machinery.  Brainard  and  Mackiewicz,  '84,  -  129 
Test  of  a  De  la  Vergne  Refrigerating  Machine.    Anderson  and 

Page,  '87.       -  -  -  -  -  -  -  -  165 

Test  of  Ammonia  Compression  Ice  Machine.     Pulsford,  Rosen- 

BuscH,  and  Shoemaker,  94,  .....  194 

Test  of  a  Pontifex  Refrigerating  Machine.    Graf  and  Whitney, 

'90.       -  -  -  - 177 

Test  of  Machines  and  Boilers  of  the  Cincinnati  Ice  Manufacturing 

and  Cold  Storage  Company's  Plant.     Anderson  and  Shreve. 

•88.       -  -  .  -  -  -  -  -  .172 

The  Machinery  for  Compressing  Cotton.    Hall,  '87,  •  .  166 

MA.GNET  : 

B^xperimental  Determination  of  the  Magnetic  Properties  of  Mittis 

Iron.    Harvey,  '90,  -  -  -  ■  -  -  178 

Exploration  and  Mapping  of  the  Field  of  Electro-Magnets   by 

Means  of  a  Revolving  Coil.    Trautvetter. '90,  -  -179 

MILL : 

Compound  Engine  and  Water  Wheel  Tests  (Determination  of 

Power  Required  for  Running  Saw  Mills).  Martinez,  '85,  141 
Design  for  a  Mill  for  the  Manufacture  of  Cotton  Goods.  Irwin,  *83,  104 
Design  for  a  Mill  for  the  Manufacture  of  Merchant  Iron.    Cooke, 

*79.       - 65 

Design  for  a  Paper  Mill.     Kingsland.  '76,      -  -  -  -    16 

Steam  Plant  for  Cotton  Mill.    (An   Original  Design.)    Glasgow 

and  Rice,  '85.  -  -  -  -  -  -  -  151 

billing  and  Its  Machinery.     Plaisted,  '83,    -  -  -  -    96 

MOTOR: 

^determination  of  the  Efficiency  of  a  New  Daft  Electric  Motor. 

Bonnett  AND  Hill. '89,       -  -  -  -  -  -  174 

Electric  Motors.    Campbell  and  McLean,  '88,  -  -  -  170 

Electrical  Horse-Power  Consumed  by  a  Motor  Car  under  Varying 

Conditions,  Newark,  N.  J.     Furman  and  Slocum,  '93,  -  188 

Electrical  Motors:  Commercial  Economy  of  Systems.  Corwin.'Ss,  152 
Review  of  the  Leonard  System  of  Operating  Electric  Motors. 

Gardiner,  Jackson,  AND  Jones, '92,  .  -  -  -  185 

Test  of  a  Crocker-Wheeler  Electric  Motor.    Todd  and  Torrance, 

'90,       -  -  -  -  -  -  -  -  -  178 

Test  of  an  Electric  Motor  and  Other  Machinery  for  an  Under- 
ground Railroad   for  a  Mining  Plant  at  Forest  City,   Pa. 

Huppertz  aed  Wilkes,  '93,  -  -  -  -  -  187 

Test  of    Efficiency    of    an    Alternating    Motor.      Stevens    and 

Wreaks,  '90,  .-...--  178 

Wind  Motors.     Fraentzel.  '83.  -  -  -  -  -  103 


262  Subject  Catalogue  of  Graduation  Theses, 

VOL. 

NAPHTHA : 

Review  of  a  Naphtha  Engine.    Beyer  and  Doty.  '88.         -  -  i73 

NITRO-BENZOL  : 

Determination  of  the  Boiling  Point  of  Nitro-Benzol.   Manning/qi.  179 

OIL: 

Manufacture  of  Cotton  Seed  Oil.    Wheatley,  87,    -  -  -  167 

The  Manufacture  of  Cotton  Seed  Oil.    Taylor, '88,  -  -171 

ORES: 

Mechanical  Separation  of  Ores.    Pfordte,  '86,         -  -  -  162 

ORGAN : 

The  Mechanical  Construction  of  the  Organ.    Chester,  *86,  -  1 59 

PAPER : 

Paper  Machinery.    Kingsland,  '79,     -  -           -           -           -    60 

Paper  Manufacture.    Smith,  '79,          -  -           -           -           -     59 

Review  of  the  Manufacture  of  Cellulose  for  a  Fiber  in  Paper 

Making.    Coker  and  Ferris, '88.  -           -           -           -  171 

PEAT: 

Peat  as  a  Fuel.    Suydam,  '78,   -  -  -  -  -  -52 

PETROLEUM  : 

Petroleum  Illumination.    King.  '86,    -  -  -  -  -  160 

PIPE: 

General  Manufacture  of  Iron  Pipe.    Quimby,  '87.     -  - '  -  168 

PLATINUM  : 

The  Measurement  of  High  Temperatures  by  the  Electrical  Resist- 
ance of  Platinum,  Including  a  New  Design  for  an  Electrical 
Pyrometer.     Ebsen  and  Eraser,  '90.        -  -  -  -  177 

POWER : 

Comparison  of  Electric  Light  Plant  Driven  by  Water  Power  or  by 

Steam.     Kennedy.  Knox,  and  Smith, '91,  ...  1S2 

Determination  of  Power  to  Drive  Machinery  for  Turning  New 

London  Bridge.    Boller  and  Schumacher, '91,  -  -  179 

Electrical  Transmission  of  Power.     Gibbs,  '82,  -  -  -     83 

Manufacture    of    Cane    Sugar   (Experimental   Determination  of 

Power).    Morris  and  Rae,  '84,      -  -  -  •  -  120 

On  the  Most  E^conomical  Range  of  Power  Obtainable  from  a  Given 

Steam  Engine.     Pracy,  '81,  -  -  -  -  -     79 

Test  of  Boilers  and  Distribution  of  Power  from  Engines.     Dinkel 

and  Ducommun,  '88,  ------  i5g 

The  Distribution  of  Power  in  the  Waddell-Entz  Storage  Battery 

System,  2d  Avenue.   New  York  City.     Gibson,  Lozier.  and 

Opi'ERMann,  *94,  -----..  1Q3 
Theory  of  the  Tractive  Power  of  Locomotives.  Denton,  '75,  -  5 
Transmission  of  Power  by  Compressed  Air.     Zahner,  '78,  -     39 

Transmission  of  Power  by  Wire  Ropes.     Stahl,  '76,  -  -     22 


Subject  Catalogue  of  Graduation  Theses.  263 

VOL. 

Water  and  Steam  as  Motive  Powers.    Wetzlrr,  '82,  -  -    90 

PRESSURE  : 

Apparatus  for  Measuring  Fluid  Pressures.     Hickok,  '83.    -  -  100 

I^RINTING  PRESS : 

Design  of  a  Plat  Bed  Printing  Press.     Dear  and  Seeman.  '93,       -  192 

i>X^OPELLER : 

The  Screw  Propeller.*    Warrington,  '83,      -  -  -  -    94 

The  Screw  Propeller:  Principles  and  Practice.    Riesenberger,  '76,    23 

P>lLJLSOMETER: 

EflBciency  Test  of  the  New  Pulsometer.    Atwater  and  Hodges, 
'91. 183 

I>XJMPS: 

Direct  Acting  Steam  Pumps.     Roberts,  '77,  -  -  -    28 

Experimental  Test  of  Worthington  Pump  and  Boiler  at  High  Ser- 
vice Pumping  Station,  99th  Street  and  9th  Avenue,  New  York 
City.    Metcalfe,  Morton,  and  White.  '86,        -  -  -  161 

Test  of  Worthington  Pumps  and  Boilers  with  Special  Reference 
to  Intermediate  Receiver  at  High  Service  Pumping  Station, 
Clifton  and  7th  Avenue,  Newark,  N.  J.    Pierson  and  The- 
BERATH,  *88,    -  -  -  -  -  -  -  -  173 

On  Centrifugal  Pumps.     Brewer,  '76,  -  -  -  -    15 

Pumping  Engine  for  City  Water  Supply.     Butler,  '82,      -  -    84 

Review  of  Boiler,  Engine,  and  Pumps  of  Wilmington  Water- 
Works.    Jenkins  and  Moller,  '87,  -  -  -  -  164 

Review  of  Pumping  Engines.    Cremer,  '76,  -  -  -    14 

Report    on    Test    of    Pumping    Plant.     Edward    and    William 
MuNKWiTZ,  '85,  -  -  -  -  -  -  -  153 

Steam  Pumping  Machinery.     Brainard  and  Mackiewicz,  '84,       -  129 
Test  of  a  Davidson  Direct-Acting  Steam  Pump.      Crisfield,  '87,  164 
Test  of  a  Pump  to  Determine  Cylinder  Condensation  at  Varying 
Speeds.     Merritt,  *86,        -  -  -  -  -  -161 

Test  of  a  Worthington   High-Duty   Pump,   Hackensack   Water- 
Works.     Demarest  and  Yearance,  *88,     -  -  -  -  171 

^DIATION  : 

Experimental  Determination  of  Absolute  Radiation.     Mayer,  '89,  174 

^AlL!: 

A  Comparative  Review  of  the  Prominent  Eastern  Bessemer  Steel 
Rail  Works.     Cox  and  Dix,  '87,     -  -  -  -  -  165 

RAILROAD  : 

Cable  Railroads.     Elson, '91,     -           -  -           -  -.  -  1S2 

Cable  Railroads.     Magee, '88,    -            -  -            -  -  -  171 

Cable  Railways  (Construction  and  Costs).  Tuttlk, '84,  -  -  132 


*  Journal  YT9iXi\i\\n  Institute,  1884. 


264  Subject  Catalogue  of  Graduation  Theses, 

VOL. 

Continuous  Railway  Train  Brakes.    Cronise, '81,    -  -  -    77 

Electric  Railways.     Birdsall,  '86,       -  -  -  -  -155 

Railway  Signaling.    Longstreet,  '79,  -  -  -  -    63 

Resistance  of  Railway  Trains.     Randolph,  *83,        •  -  -    99 

Review  of  Brooklyn  and  Coney  Island  Electric  Railway.  Hansen 

AND  HOLBERTON,  '9I,  -  -  -  -  -  -    183 

Review  of  Electric  Railway,  Richmond,  Va.   Prentiss  and  Scott. 
*89,       -  -  -  -  -  -  -  -  -  174 

Test  of  an  Electric  Railway  Power  Station  at  West  Haven,  Conn. 

COLLES  AND  GaLLAHER,  '94,  .....    191 

Test  of  Bergen  and  Jersey  City  Electric  Railroad.    Adams  and 
Hunter,  '93,  -  .  -  -  -  -  -  -  188 

The  Metropolitan  Elevated  R.  R.     Ramirez,  '79,      -  -  -    62 

REFRIGERATION  : 

Mechanical  Refrigerating  Machines  (Theory  and  Experimental 
Determination  of  Efficiency).    Jacobus  and  Renwick.  •84.       -  117 

Hygeia  Ice  Plant,  Test  of.    Griswold,  Hupfel,  and  McKenzie,  '93,  192 

Test  of  a  De  la  Vergne  Refrigerating  Machine.  Pulsford, 
RosENBUscH,  and  Shoemaker,  '94,  -  -  -  -  194 

Test  of  Ammonia  Compression  Ice  Machine.  Anderson  and 
Page,  '87,       -  -  -  -  -  -  .  -165 

Test  of  a  Pontifex  Refrigerating  Machine.  Graf  and  Whit- 
ney, '90,  -  -  -  -  -  -  -  -  177 

Test  of  Machines  and  Boilers  of  Cincinnati  Ice  Manufacturing 
and  Cold  Storage  Company's  Plant.  Anderson  and  Shreve, 
'88. 172 

Test  of  Refrigerating  Plant  of  the  Hodges  &  Havenstrite  System. 
Axford  and  Weeks,  '93,      -  -  -  -  -  -  191 

RUBBER : 

Vulcanized  Rubber.     Schlesinger,  '87,  -  -  .  -  168 

SHIP: 

Ship  Propulsion.     Dashiell,  '79,  -  -  -  -  -    61 

Systematic  Method  of  Ship  Design  (Theory  of  New  System). 

Pardons,  '84,  -  -  -  -  -  -  .114 

The  Engineering  of  an  Internal  Ship  Basin  (Original  Design). 

Clerk,  'S5,      ---.-...  1^0 

SHOP: 

Arrangement  and  Superintendence  of  Machine  Shops.     Wilkes, 

'85,       -  -  -  -  .  -  -  -  -140 

General  Plans  and  Estimates  on  Machine  Shops  for  Construction 
of  Marine  and  Stationary  Engines.     Post,  '74,  -  -  -      2 

SHOVEL : 

Rotary  Steam  Snow  Shovel.      Ackerman  and  Carll,  '91,  -  179 


Subject  Catalogue  of  Graduation  Theses.  265 

VOL. 

SIGNAL  : 

Railway  Signaling.     Longstreet,  '79,  -  -  -  -    63 

SILK : 

Plans  for  an  American  Silk  Factory.    Van  Winkle,  '77       -  -    34 

SMOKE : 

Development    of    Smoke- Boxes    of    Locomotives.      Field    and 
Wallis,  '91,    -  -  -  -  -  -  -  -  184 

SPECULA : 

Figuring  Specula.    Stephens,  '78,       -  -  -  -  -47 

SPRINGS : 

The  Theory  and  Manufacture  of  Springs.*    De  Bonneville,  '78,    50 

STEAM  : 

Comparison  of  an  Electric  Light  Plant  Driven  by  Water  Power 

or  by  Steam.     Kennedy,  Knox,  and  Smith,  '91,  -  -   182 

Estimates  and  Possible  Improvements  in  Economy  in  the  Steam 

Plant  of  a  Woolen  Mill.     Loud  and  Trube. '90,  -  .  178 

Improvement  in  the  Use  of  Steam.     Tatham, '81,  -  -    69 

Review  and  Experimental  Test  of  the  Steam  Plant  of  the  Steam- 
ship **Iroquois."    King,  Powell,  and  Schiebler.  '92,   -  .  186 
Saturated  Steam.     Dawson,  *88,           -           -           -           -           -  169 
Some  Mechanical  Properties    of  Vapors,   Especially  of  Steam. 

Erdman  and  Walker. '91,  -  -  -  .  .  180 

Steam,  Ether,  and  Other  Vapors  as  Working  Substances  in  Heat 

Engine.    Gantt  and  Maury, '84,  -  -  -  -  118 

Test  of  a  Steam  Plant.     Hiller. '89,   -  -  -  .  .  i-o 

Test  of  Steam  Plant  of  the  New  York  Cotton  Exchange.     Kiern an 
AND  Miller.  '87,        -  -  -  -  -  -  -  168 

STEAMER: 

Design  for  a  Side-Wheel  Steamer.     Nash,  '77,  -  -  -    27 

Design  for  Hull  of  a  Steel  Steamer  for  Merchant  Marine  for  15 

Knots  per  Hour.     Douglas  and  Fanning, '93,     -  .  .  1S8 

Determination  of  Speed  and  Efficiency  of  Engines  of  Steamers 

••  Pomham"  and  **  Squantum."  Phelps  and  Wildman, '90,  -  176 
Performance  of  the  Steamboat  *'  Rhode  Island."  Webster,  'S2,  -  S; 
Review  of  a  Whaleback  Steamer  and   Test  of  Steam  Plant  on 

Same.     Post  and  Strong,  '92,        -  -  -  -  -  186 

Review  of  Whaleback  Steamer  *'  Knickerbocker,"   New  York  to 

New  Orleans  and  Return.     Beard  and  Firkstone.  'S7.  -  168 

Review  of  Steamer  *•  Mary  Powell."    Wallis. '79,    -  -     5S 

Test  of  a  Double-Screw  Ferryboat  "  Bremen"  in  Ferry  Service. 
Hill,  Ludlow,  and  Miller,  '92.     -  -  -  -  -  186 

Test  of  Engines  and  Boilers  of  Steamer  "J.  B,  Williams.'  Pitts- 
burg to  Louisville.     Kerr  AND  Whigham.  '88,  -  -  171 


♦  Van  Nustrand's  Magazine,  1878. 
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AN    ADDRESS   TO    THE    GRADUATING    CLASS   OF    THE   STEVENS   INSTI- 
TUTE  OF    TECHNOLOGY.       DELIVERED    BY    PRESIDENT 

HENRY    MORTON. 


•     Gentlemen  of  the  Graduating  Class:     There  are  a  number  of 

popular  fallacies  which,  as  mechanical  engineers,  you  are  likely  to 

encounter  in  the  course  of  your  professional  work,  and  which,  as 

experience  has  shown,  may  sometimes  lead  even  able  men  astray 

when  met  with  in  a  new  guise,  and  which  are  also  occasionally  not 

easy  to  expose  or  explain  to  the  ordinary  observer.     As  my  own 

experience  during  the  last  30  years  has  brought  me  in  contact  with 

quite  a  number  of  these,  I  believe  that  I  may  do  you  a  service  by 

reviewing  some  of  my  experiences,  and  by  calling  your  attention 

to  some  general  principles  or  rules  for  dealing  with  such  subjects 

which  I  have  found  eminently  useful. 

In  the  first  place,  though  it  may  seem  almost  superfluous  to 
niention  such  a  thing,  every  engineer  or  investigator  who  under- 
takes the  examination  of  any  new  project  involving  an  assumed 
discovery  of  new  laws  or  modes  of  action  among  the  forces  of 
mature,  must  hold  with  absolute  confidence  the  great  doctrine  of 
'^^conservation  of  energy  ^'^\\.\i  its  direct  corollary  relating  to  what 
^s  technically  called  perpetual  motion. 

This  doctrine  may  be  briefly  stated  as  follows: 
No  item  of  energy  in  the  universe  ever  perishes,  nor  is  any 
Item  of  energy  ever  added  to  the  existing  supply;  the  only  changes 
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possible  are  the  transformations  of  energy  from  one  form  into 
another.  Thus  heat  energy  may  be  developed  from  electrical  energy, 
or  from  chemical  energy,  or  from  mechanical  energy,  but  for  every 
unit  of  heat  energy  developed,  an  exact  equivalent  of  the  other 
form  of  energy  must  disappear. 

Proteus-like,  energy  can  take  all  shapes,  but  must  leave  one  to 
assume  another. 

It  can  only  transform,  and  can  in  no  wise  multiply  itself. 

It  is  just  as  impossible  to  create  energy  as  to  create  matter, 
and  if  any  process  is  presented  which  claims  to  get  out  of  a  pound 
of  coal  more  energy  than  it  is  known  to  possess,  or  out  of  the  work 
of  a  horse  more  than  its  known  amount,  it  should  be  regarded  as 
precisely  equivalent  to  the  claim  that  lo  chairs  could  be  made  into 
II  or  12  by  some  special  grouping  or  arrangement  of  them. 

In  other  words,  we  should  regard  it  as  either  a  piece  of 
legerdemain  or  of  oversight  and  error  of  observation. 

•  In  one  of  its  simplest  forms  of  application  this  principle 
amounts  to  the  familiar  statement  of  the  impossibility  of  "perpetual 
motion." 

It  may  be  well  to  remark  here  that  this  term,  as  used  in  this 
connection,  does  not  mean  indefinitely  continued  motion;  for  this, 
where  no  resistance  is  encountered,  might  manifestly  exist,  and  may 
be  said  to  be  illustrated  by  the  heavenly  bodies. 

Perpetual  motion  means  the  doing  of  work  without  expenditure 
of  energy,  as  would  be  illustrated  by  a  machine  which  once  started 
would  continue  to  saw  wood  or  even  overcome  the  friction  of  its 
own  journals  without  further  supply  of  energy. 

Strange  as  it  may  seem,  even  in  this  crude  form  this  fallacy 
still  crops  out,  and  I  have  within  a  year  encountered  it  among  in- 
telligent and,  in  a  general  sense,  well-educated  people,  and  I  will 
therefore  venture  on  a  word  of  suggestion  as  to  the  best  means  of 
treating  such  cases. 

In  the  first  place,  as  a  rule  at  the  present  time,  even  those  who 
suppose  they  have  discovered  a  means  of  creating  energy,  by  the 
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"Hudson."     Blauvelt  and  Haynes, '86,  -  -  163J 

A  Comparison  of  the  Actual  and  Theoretical  Performance  of  th6 
Steamship  "  City  of  Kingston,"  on  Her  Regular  Trips.  Mor- 
rison AND  McCULLOCH,  '86,  -----  I63J 


♦  To  be  inserted  opposite  page  247  in  the  July  Indicator. 

*  Journal  (A  Franklin  Institute,  March,  1887. 
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use  of  mechanism,  do  not  go  so  far  as  to  suppose  that  a  machine 
can  move  itself,  but  only  believe  that  by  certain  combinations  a 
given  amount  of  energy  or  work  may  be  developed  or  increased 
into  a  larger  amount,  and  in  such  cases  the  best  argument  to  open 
their  eyes  to  the  fallacy  of  their  plan  is  the  reductio  ad  absurdum 
which  will  be  reached  by  suggesting  the  connection  of  the  end  of 
their  mechanism  where  the  increased  **  power  "  is  supposed  to  be 
available  with  the  starting  point  where  the  small  driving  force  is  to 
be  applied. 

Thus,  suppose  an  inventor  of  this  sort  comes  to  you  with  a 
train  of  wheelwork,  levers,  etc.,  by  which  one  man  is  to  propel  a 
train  of  cars  or  the  like. 

It  is  generally  useless  to  follow  out  the  steps  of  the  mechanism 
and  to  point  out  exactly  where  a  false  assumption  has  been  made. 
If  he  can  appreciate  the  point  at  all,  he  will  consider  it  simply  as  a 
matter  of  detail  which  he  will  be  able  to  improve  on  further  study; 
but  if  you  pick  out  the  final  wheel  which  is  to  give  motion  to  the 
whole  train  of  cars  he  will,  of  course,  admit,  that  it  will  turn  around 
with  many  times  more  power  than  a  man  could  exert. 

You  will  then  propose  that  this  should  be  connected  directly 
with  the  crank  or  lever  at  which  the  man  was  to  work,  when  it 
would  manifestly  do  the  man's  work  and  have  a  large  amount  of 
power  left  over  to  run  the  train,  thus  dispensing  with  the  man's 
services  as  soon  as  he  had  started  the  apparatus,  and  making  the 
niachine  self-driving. 

In  curable  cases,  where  no  fraud  is  involved,  this  will  be  suffi- 
cient; but,  too  often,  the  inventor  of  a  perpetual  motion  machine  is 
beyond  the  reach  of  reason,  as  was  the  case  with  the  one  who  came 
to  Arago  for  an  explanation   of  the   fact  that  his  perpetual  motion 
"machine  would  stop. 

Not  infrequently  such  plans  involve  a  mechanical  fraud  by 
which  the  driving  force  is  conveyed  to  the  visible  mechanism  from 
a  concealed  source  of  power. 
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In  such  cases  there  is  an  opportunity  of  applying  close  and 
inclusive  observation  and  some  ingenuity  in  order  to  detect  the 
fraud. 

An  admirable  instance  of  chis  is  furnished  by  the  history  of  a 
small  model  in  the  collection  of  the  Franklin  Institute  at  Philadel- 
phia, which  was  made  about  80  years  ago  by  Isaiah  Lukens,  at  the 
suggestion  of  Mr.  Nathan  Sellers,  for  the  purpose  of  exposing  the 
fraud  involved  in  the  then  famous  Readhefer  perpetual  motion 
machine,  in  which  large  sums  of  money  were  sunk,  as  they  have 
been  in  the  "Keely  motor"  and  like  schemes  more  recently. 
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This  model,  represented  in  the  accompanying  engraving.  Fig.  i 

consists  of  a  horizontal  circular  table,  attached  to  and  supported  by 

central  vertical  shaft,  resting  on  a  pivot  below  and  steadied  by  a 

urnal  held  in  a  framework  above.     Two  inclined  planes  mounted 
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on  wheels,  rest  on  this  circular  table,  and  each  inclined  plane  has 
on  it  a  car  containing  two  removable  weights. 

The  inclined  planes,  and  also  the  cars,  are  attached  to  levers 
which  are  supposed  to  transmit  to  the  central  shaft  the  tendencies 
of  the  inclined  planes  to  run  from  under  the  cars  and  of  the  cars  to 
run  down  the  inclined  planes,  and  these  tendencies  are  supposed  to 
cause  rotation  of  the  central  shaft,  carrying  with  it  the  table  and  all 
the  parts  on  it. 

This  arrangement  is  admirably  simple  in  more  senses  than  one, 
but,  wonderful  to  relate,  it  seems  to  work. 

If  the  weights  are  taken  out  of  the  cars  the  machine  comes  to 
rest,  but  starts  up  again  as  soon  as  they  are  replaced,  and,  under 
Javorable  conditions^  will  continue  to  run  indefinitely. 

Here  is  a  phenomenon  which  might  well  startle  a  novice,  but 
be  would  do  well  to  hold  fast  to  his  faith  in  the  conservation  of 
energy  and  insist  on  a  further  investigation  into  the  interior  of  the 
apparatus,  for  this  is  what  such  an  investigation  would  reveal: 

A  train  of  clockwork  driven  by  a  spring  is  concealed  in  the 
base  of  the  machine,  and  can  be  wound  up  by  a  slight  motion  of 
one  of  the  ornamental  knobs  on  the  frame  of  a  glass  case  which 
covers  and  locks  up  the  model  beyond  seeming  possibility  of  tam- 
pering. 

This  clockwork  drives  a  small  plate  on  which  rests  the  pivot  of 
^he  central  vertical  shaft,  and  the  various  frictions  are  so  adjusted 
^^at  when  the  cars  are  loaded  the  weight  so  given  will  make  the 
friction  of  the  little  plate  sufficient  to  drive  the  shaft,  but  when  the 
weights  are  removed  this  friction  is  too  slight.  An  attendant  once 
^  day  touching  the  outside  case  for  a  moment,  under  pretense  of 
dusting  or  the  like,  can  keep  it  wound  up  perpetually. 

Such,  then,  is  the  structure  and  such  the  mode  of  operation  of 
this  very  ingenious  model,  whose  history,  which  is  also  extremely 
interesting,  I  will  now  give. 

In  the  year  1812  Mr.  Readhefer  applied  to  the  Legislature  of 
Pennsylvania  for  a  grant  of  funds  to  carry  out  his  great  invention 
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of  perpetual  motion,  and  a  committee  of  experts,  consisting  of 
Messrs.  Henry  Voight,  Robert  Patterson,  Nathan  Sellers,  Oliver 
Evans,  Archibald  Binney,  Lewis  Wermerag,  Josiah  White,  and 
Samuel  D.  Ingham,  was  appointed  to  examine  the  matter. 

The  machine  to  be  examined  was  set  up  in  a  building  near  the 
banks  of  the  Schuylkill  River  in  Philadelphia;  and,  on  a  day 
appointed,  the  above-named  Commissioners  went  out  to  inspect  the 
apparatus,  Mr.  .Nathan  Sellers  taking  with  him  his  son,  then  a  lad, 
but  afterward  the  father  of  Prof.  Coleman  Sellers,  E.  D. 

When  the  Commissioners  arrived  at  the  location,  they  found 
that  the  door  of  the  room  containing  the  machine  was  locked,  and 
the  key  missing,  so  that  their  study  was  confined  to  an  inspection  of 
the  apparatus  through  a  barred  window. 

Even  this  limited  view,  however,  was  enough  for  the  sharp  eyes 
of  young  Coleman  Sellers.  The  machine  had  a  set  of  teeth  on  the 
periphery  of  the  rotating  table  which  geared  into  another  wheel 
whose  axle  was  supposed  to  transmit  the  power  to  some  other  point 
where  work  was  to  be  done. 

Young  Sellers,  looking  through  the  window,  noticed  that  the 
faces  of  the  teeth  in  the  two  wheels  were  polished  by  wear  on  the 
wrong  sides. 

This  will  be  clear  from  a  glance  at  the  accompanying  diagram. 
Fig.  2. 


FIO.   a. 
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Let  A  be  the  rotating  table  driving  the  gear  wheel  B  in  the 
direction  of  the  arrows;  then,  clearly,  the  front  faces  of  the  teeth  of 
A  will  press  against  the  rear  faces  of  the  teeth  of  B,  and  these  faces 
will  be  polished  by  friction. 

If,  however,  it  is  the  front  faces  of  the  teeth  of  A  and  the  rear 
faces  of  those  of  B  that  are  polished,  it  is  manifest  that  B  must  be 
driving  A.  This  is  what  young  Sellers  noticed  and  pointed  out  to 
his  father  as  proving  that  the  perpetual  motion  machine  in  place  of 
driving  the  gear  wheel,  was  being  driven  by  it  from  some  concealed 
source  of  power. 

Satisfied  as  to  the  fraudulent  character  of  the  Readhefer 
machine  by  this  observation,  Mr.  Nathan  Sellers  concluded  that 
others  might  be  best  satisfied  by  a  sort  of  homeopathic  object 
lesson. 

He  therefore  went  to  Mr.  Isaiah  Lukens,  a  very  skillful 
mechanician  of  that  date,  and  had  him  construct  the  model  above 
described.  This  he  at  first  exhibited  to  a  number  of  persons,  includ- 
ing Mr.  Readhefer  himself,  without  explaining  its  true  "  inwardness." 

Mr.  Readhefer  was  so  impressed  that  he  privately  offered  Mr. 
Sellers  a  large  share  of  his  inventions  if  he  would  tell  him  "  how  it 
was  done." 

It  is  hardly  necessary  to  say  that  this  offer  was  declined,  and 
the  true  modus  operandi  in  due  time  made  public. 

This  matter  is   so  curious  in  many  respects  that  I  will  here 

^^ead  a  copy  of  the  resolution  under  which  this  commission  acted. 

Whereas,  The  interference  of  the  Legislature  of  Pennsylvania 
^^  causing  an  inquiry  to  be  made  relative  to  the  perfection  or  im- 
perfection of  newly  invented  machinery  is  not  without  precedent; 

and 

Whereas,  It  has  been  represented  that  Charles  Readhefer,  of 
^he  County  of  Philadelphia,  has  invented  a  machine  declared  not 
only  by  the  inventor,  but  by  many  intelligent  persons,  to  possess 
the  power  of  self-motion;  and 

Whereas,  Should  it  be  ascertained  that  these  opinions  are  cor- 
rectly founded,  not  only  great  honor  would  be  conferred  upon  the 
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Commonwealth,  but  incalculable  advantages  would  be  derived  from 
the  invention  by  the  people  of  the  United  States  especially,  and  by 
mankind  in  general;  and 

Whereas^  On  the  other  hand,  should  the  machine  be  found  to 
be  imperfect,  the  public  interest  would  be  promoted  by  exposing  its 
fallacy;  and 

Whereas^  The  Legislature  of  this  Commonwealth  reposes  con- 
fidence in  the  integrity  and  qualifications  of  Henry  Voight,  Robert 
Patterson,  Nathan  Sellers,  and  Oliver  Evans,  of  the  City  of  Phila- 
delphia; Archibald  Binney,  Lewis  Wermerag,  and  Josiah  White,  of 
the  County  of  Philadelphia;  and  Samuel  D.  Ingham,  of  the  County 
of  Bucks;  therefore 

Resolved^  By  the  Senate  and  House  of  Representatives  of  the 
Commonwealth  of  Pennsylvania,  in  General  Assembly  met,  that 
Henry  Voight,  Robert  Patterson,  Nathan  Sellers,  Oliver  Evans, 
Archibald  Binney,  Lewis  Wermerag,  Josiah  White,  and  Samuel  D. 
Ingham  be,  and  they  are  hereby,  requested  to  make  a  strict  exami- 
nation of  the  machine  invented  by  Charles  Readhefer,  and  to  make 
specific  representation  respecting  it  as  its  alleged  importance  and 
the  public  expectation  require. 

Resolved^  That  the  Secretary  of  the  Commonwealth  be,  and  is 

hereby,  requested  to  transmit  a  copy  of  the  foregoing  preamble  and 

resolution   to   each  of  the   persons   named    therein,   and   also   to 

Charles  Readhefer. 

(Big.)  John  Tod, 

Speaker  of  the  House  of  Representatives. 

P.  C.  Lane, 

Speaker  of  the  Senate. 
In  the  House  of  Representatives, 

December  14,  181 2. 

Read  and  adopted. 

George  Heckert, 

Clerk  of  the  House  of  Representatives. 

In  Senate,  December  17,  181 2. 
Read  and  adopted. 

Josiah  A.  McJimsey, 

Clerk  of  the  Senate. 

Then  follows  the  certificate  of  the  Deputy  Secretary,  and  his 

tter  to  Nathan  Sellers. 
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le  driving  of  a  supposed  motor  through  machinery  which  is 

supposed  to  be  driven  by  it  is  a  very  general  method  of  deception. 

T'lius  I  have  seen  one  of  these  supposed  **  motors"  set  up  in  a 

shop     a.nd  connected  by  belting  and   shafting  with  a  number  of 

lathes   and  other  machine  tools.      When  everything  was  running  it 

was     ixxipossible  by  mere  inspection   to  say  which  may  have  been 

the    r^^i  i<  driver,"  since  the  power  might  have  been  transmitted 

througli  a  hollow  journal  to  any  one  of  a  number  of  points  in  the 

syst^u-j  .  ijyi^  yQy  jjj^y  |jg  Qultc  ccrtaittjitt  such  cases,  that  it  is  not 

the    supposed  ** motor"  if  the  conditions  of  its  operation  are  in- 

coiisi3^ent  with  the  doctrine  of  **  conservation  of  energy." 

In  the  case  of  these  fraudulent  structures  a  fortunate  accident 
^^y  aid  detection. 

About   20  years  ago,  a  Mr.  Paine   had   an  electro-magnetic 
e^Stne  in  Newark,  in  which  many  persons  whose  names  are  not  un- 
kno^Wn  to  fame,  and  who  certainly  ought  to  have  known  better, 
took  much  stock,"  in  the  literal  as  well  as  figurative  sense. 

Being  in  Newark  on  some  other  business,  I  was  waited  upon 
^^y  ^r.  Paine  and  invited  to  see  the  machine.  I  accepted  the  risk 
(which  I  will  presently  explain)  attending  such  a  visit,  and  went 
^it^  him. 

The  apparatus  was  shown  off  with  great  success,  starting  with 
tull  Velocity  the  moment  a  connection  was  made  with  a  little  bat- 
^^^y  of  four  cells,  driving  lathes,  sawing  wood,  etc.,  in  a  way  that 
dernonstrated  several  horse-power  at  least.  I  need  hardly  say  that 
^  ^^s  not  convinced  that  perpetual  motion  had  been  discovered, 
^"^  Only  looked  out  for  the  trick. 

Nothing,  however,  could  be  demonstrated,  without  taking  the 
P^^^cierous  machinery  to  pieces.     Near  the  end  of  my  visit,  how- 
ever, i^j  connection  with  a  pseudo-explanation  of  some  point,  Mr. 
^3.ine  once  more  connected  the  battery;  whereupon  the  machine,  in 
pi^ce  of  starting  promptly  as  before,  made  a  few  turns  and  stopped. 
This  was,  of  course,  accounted  for  by  the  inventor  as  caused 
^y  some  derangement  of  parts;  but,  as,  a  few  minutes  later,  I  went 
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downstairs,  I  looked  at  my  watch,  and  found  that  it  was  five  minutes 
after  6  o'clock.  The  building,  at  large,  contained  a  steam  engine; 
and  power  was  confessedly  used  in  all  other  parts  except  those 
occupied  by  Mr.  Paine.  This  remarkable  failure  to  start  just  about 
6  o'clock,  therefore,  revealed  the  actual  source  of  energy.  The 
little  battery,  without  doubt,  either  operated  a  belt  shifter  in  a  room 
below,  or  signaled  a  confederate  similarly  located  for  a  like 
purpose. 

Not  long  after,  Mr.  Paine  and  his  electric  engine  were  un- 
successfully sought  for  by  some  of  his  stockholders,  and  all  that 
was  found  was  a  portion  of  the  iron  frame  of  the  machine  showing 
an  interior  passage  for  a  belt  to  act  on  its  axle  from  the  room  below. 

The  connection  between  the  arrival  of  6  o'clock  and  the  stop- 
page of  the  motor  which  I  had  noticed  in  my  visit,  and  had  of 
course  referred  to  its  true  cause,  was  thus  fully  demonstrated. 

The  risk  to  which  I  alluded  in  connection  with  such  a  visit  is 
one  of  reputation.  An  ordinary  sense  of  politeness  hardly  allows 
one,  when  visiting  a  man's  workshop  on  his  own  invitation,  to  treat 
him  as  if  he  were  a  cheat  and  his  statements  as  falsehoods,  even  if 
we  so  believe  them  to  be;  and  thus  one,  from  mere  politeness,  is 
almost  sure  to  say  something  which  may  be  quoted  by  interested 
parties  as  an  indorsement;  and  such  statements  are  very  difficult 
to  correct  and  explain,  when  they  have  once  been  put  in  cir- 
culation. 

It  is  therefore  a  very  good  plan,  when  one  is  requested  to  look 
into  such  a  matter,  to  decline  unless  an  agreement  is  made  that  every 
interior  detail  of  the  machine  shall  be  exposed  to  your  inspection. 
In  nine  cases  out  of  ten  this  will  relieve  you  of  any  further  solicita- 
tion. 

On  the  other  hand,  to  make  any  agreement  not  to  reveal  what 

you  see,  as  was  asked  in  some  cases,  as  I  know,  in  connection  with 

the  Keely  motor,  is  of  course  what  no  sensible  man  would  do,  as  it 

would  make  it  possible  to  use  his  name  in  support  of  what  he  might 

lave  detected  to  be  a  fraud. 
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It  may  seem  almost  needless  to  say  so  much  on  the  subject  of 
these  gross  and  conspicuous  fallacies;  but,  while  the  stock  of  the 
Keely  Motor  Company,  in  the  face  of  repeated  exposures  and  years 
of  unfulfilled  promises,  has  to-day  a  value  in  the  market;  and  when 
not  only  such  daily  papers  as  are  notorious  for  their  lack  of  truth, 
honor,  or  decency,  but  even  respectable  journals,  will  publish 
articles  seriously  advocating  such  plans,  it  is  evident  that  even  such 
fallacies  need  to  be  met  and  exposed  by  the  intelligent  engineer. 

Besides  these  fallacies,  which  involve  more  or  less  intentional  de- 
ception, we  encounter  others  which  are  the  result  of  perfectly  honest, 
but  none  the  less  fatal,  mistakes  in  observation  or  experiment. 

A  striking  instance  of  this  is  furnished  by  one  form  of  what  is 
known  as  the  aero-steam  engine.  This  was  a  plan  for  admitting 
air  into  the  cylinder  of  a  steam  engine  at  a  certain  point  of  the 
stroke,  with  a  supposed  gain  in  efficiency.  A  number  of  experi- 
ments were  made  within  my  own  knowledge  with  a  small  engine, 
or,  in  fact,  model,  which  seemed  to  demonstrate  conclusively  the 
advantage  of  this  modification. 

When  the  air  was  admitted,  everything  else  remaining  the 
same,  the  engine  made  20  per  cent,  more  revolutions  in  a  minute 
against  the  same  resistance. 

This  was,  in  fact,  thought  to  be  conclusive  as  to  the  advantage 
of  the  plan.  On  further  investigation,  however,  it  was  found  that 
the  boiler  supplying  the  steam  engine  was  so  inadequate  that 
it  could  not  fill  the  cylinder  for  a  rapid  stroke,  and  that  thus  an 
"exhaust  "  or  back  pressure  occurred  at  each  stroke  when  the  engine 
was  running  fast.  The  admission  of  air  at  a  certain  point  relieved 
this  back  pressure  and  actually  increased  the  duty,  but  even  when 
so  increased  it  was  inferior  to  what  it  should  have  been  with  a 
Well-proportioned  boiler. 

This  is,  in   fact,  a  type  of  a  large  class  of  fallacies,  one  or 
another  of  which  we  encounter  almost  daily. 

An  inefficient  or  defective  machine  or  process  is  taken  as  a 
standard,   and  some  attachment  or   modification    is   made   which 
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greatly  improves  the  result,  and  it  is  thence  assumed  that  this 
attachment  or  modification  would  be  of  equal  efficiency  with  ma- 
chines or  processes  in  a  normal  condition. 

Thus,  for  example,  a  plan  for  blowing  steam  into  the  ashpit  of 
a  boiler  furnace  was,  many  years  ago,  extensively  advertised,  and 
very  remarkable  testimonials  were  shown  as  to  its  actual  efficiency. 

On  investigation,  it  however  turned  out  that  these  cases  of 
success  occurred  where  there  was  a  great  want  of  draft  in  the 
furnaces,  and  any  means  of  increasing  it  would  therefore  have 
proved  beneficial. 

The  steam  blast  was,  however,  a  much  less  efficient  way  of  in- 
creasing the  draft  than  any  of  the  well-known  methods.  Such  an 
example  teaches  the  importance  of  positive  measurements  in  all 
cases,  and  the  comparison  of  results  with  well-known  and  established 
standards. 

Another  example  of  a  practical  result  apparently  proving  an 
efficiency  which  did  not  exist,  was  brought  to  my  attention,  some 
time  since,  in  connection  with  a  pump  which  developed  a  pressure 
much  beyond  that  which  would  be  estimated  by  calculation  of  the 
force  applied  on  the  known  area  of  its  piston. 

It  turned  out,  however,  that  the  piston  was  so  loose  that  the 
water  passed  freely  from  one  side  to  the  other,  and  thus  the  pump 
acted  only  on  the  inward  stroke,  when  the  piston-rod  played  the 
part  of  a  plunger  whose  reduced  section,  as  compared  with  the  pis- 
ton, accounted  for  the  increased  pressure  obtained. 

This  condition  of  affairs  was,  of  course,  betrayed  by  the  small 
amount  of  water  delivered,  as  soon  as  that  was  observed. 

The  conditions  in  this  case  will  be  fully  illustrated  by  the  ac- 
companying diagram,  Fig.  3,  in  which  A  B  indicates  a  pump  cylin- 
der with  a  piston  C  and  piston-rod  D.  Also  inlet  and  outlet  valves 
and  passages  as  shown. 

If,  now,  the  piston  fitted  tightly  and  was  moving  towards  the 
left  it  would  force  water  before  it  through  the  upper  or  outlet 
valve  and  draw  it  in  behind  through  the  inlet  valve  below. 
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If,  however,  the  piston  was  so  loose  that  the  water  could  pass 
freely  around  it,  then,  clearly,  no  water  would  be  drawn  in  and  both 
inlet  valves  would  close;  but  the  piston-rod,  as  it  was  thrust  in, 
would  displace  its  own  volume  of  water  and  force  that  amount 
through  the  outlet.  On  the  reverse  stroke  no  water  would  be  forced 
out;  both  outlet  valves  would  be  closed,  but  enough  water  would 
enter  to  fill  the  space  vacated  by  the  withdrawal  of  the  piston-rod. 

While  the  volume  of  water  delivered  would  be  thus  immensely 
reduced,  its  pressure  would  be  proportionally  increased,  for  the 
force  applied  to  the  piston-rod,  in  place  of  being  diffused  over  the 
entire  face  of  the  piston,  would  be  concentrated  on  the  cross- 
section  of  the  rod. 


A 


^' 


\ 

Fio.  3. 

The  lesson  this  teaches  is,  when  a  result  is  obtained  at  variance 
with  established  principles,  don't  look  for  a  new  law  or  a  new  force, 
but  suspect  an  error  of  experiment  or  derangement  of  the  machine. 

Such  examples  as  I  have  just  cited  teach  us  also  another  lesson, 
which  may  be  embodied  in  a  very  brief  maxim,  which  is  this,  "Never 
make  two  experiments  at  once." 

That  is,  when  you  are  investigating  a  subject  and  estimating 
the  efifect  of  this  or  that  modification  or  improvement,  never  make 
two  changes  at  once,  for  then  you  may  easily  assign  the  new  result 
to  the  wrong  one  of  the  two  possible  causes. 

Some  remarkable  examples  of  this  error  were  furnished  some 
25  or  30  years  ago  in  connection  with  what  then  excited  no  small 
interest  among  steam  users — namely,  the  "anti-incrustator.'^     This 
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consisted  of  a  group  of  small  magnets  sustained  by  an  insulating^ 
support  in  the  steam  space  of  a  boiler  and  connected  by  a  copper 
-  wire  with  the  shell  of  the  boiler  at  the  other  end.     This  was  sup- 
posed to  prevent  the  formation  of  scale  in  the  boiler. 

If  unexceptionable  certificates  and  the  testimony  of  the  most 
reliable  witnesses  as  to  practical  results  could  have  proved  any- 
thing, this  was  thoroughly  demonstrated  to  be  an  efficient  apparatus. 
For  several  years  it  had  a  most  successful  career. 

The  stock  of  the  company  went  up  like  that  of  some  other 
more  recent  companies,  and,  what  is  more,  stayed  «/,  and  the  anti- 
incrustators  were  put  into  boilers  by  the  thousand.  In  a  few  years, 
however,  with  wonderful  suddenness,  the  anti-incrustator  went  out 
of  favor,  and  became  a  matter  of  history  only. 

To  explain  each  instance  of  its  success  in  operation  would  be, 
of  course,  impossible,  but  one  prominent  one  will  suffice  as  an 
example  of  a  large  class. 

This  was  brought  to  my  attention  at  the  time  by  Prof.  Coleman 
Sellers,  E.  D.,  of  Philadelphia,  who  was  one  of  the  few  who  at  that 
time  declined  to  accept  the  evidence  presented  as  sufficient  to 
establish  a  claim  itself  intrinsically  unscientific  and  improbable. 

A  friend  of  Mr.  Sellers  had  tried  some  of  these  incrustators  on 
boilers  of  his  own,  and,  finding  that  they  ceased  to  form  scale,  was 
convinced,  and  took  a  large  interest  in  the  company. 

In  conversation  with  Mr.  Sellers  he  stated  this  circumstance,, 
whereupon  he  was  asked:  **  Did  you  not  make  some  other  change 
at  the  same  time  ?'*  "  None  of  any  account,"  he  replied.  •*  To  be^ 
sure,  while  the  boiler  was  opened  to  put  in  the  anti-incrustator,  w<^ 
took  advantage  of  the  opportunity  to  disconnect  the  mud  drum, 
and  in  place  of  it  connect  the  feed  with  a  disused  boiler  alongside, 
which  we  employed  as  a  feed-water  heater." 

Now  let  me  point  out  that  one  of  the  chief  scale-prod ucingT 
elements  in  the  Philadelphia  water  is  sulphate  of  lime,  which  is  less 
soluble  in  hot  than   in  cold  water.     With  this  fact  before  you,  you 
will  at  once  see  that  this  gentleman  had  provided  a  most  admirable 
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<  « 


anti-incrustator "  in  his  feed-water  heater.  Here  was  a  large 
j^nass  of  water  so  heated  as  to  establish  only  gentle  currents,  and 
%^rith  a  slow  circulation,  by  reason  of  which  the  water  remained  in  it. 
Si.  considerable  time,  and  could  thus  deposit  the  sulphate  of  lime,  as 
:  1-mat  became  insoluble  through  the  rising  temperature.  The  sul- 
tiate  of  lime  also,  of  course,  carried  down  with  it  other  suspended 
atters,  as  we  all  know  it  will  under  such  conditions. 

Here  was  a  clear  case  of  trying  two  experiments  at  once,  and 
assigning  the  result  to  the  wrong  cause. 

Next  to  these,  which  may  be  called  mechanical  fallacies,  we 
sne  to  a  more  refined  and  abstruse  class,  which  may  be  described 
chemical  fallacies. 
Very  many  who  may  be  quite  able  to  see  that  no  combination 
levers,  pulleys,  wheels,  etc.,  can  make  a  machine  operate  itself 
thout  external  supply  of  energy,  or  can  convert  one  horse-power 
iri  tCD  two,  are  not  able  so  readily  to  see  why  a  pound  of  coal  may 
«olL  be  able  to  produce  more  than  its  regular  equivalent  of  heat. 

One  of  the  forms  of  this  fallacy  which  is  most  active  at  the 

P'^^sent  day  is  expressed  with  charming  naivet/'\n  an  article  appear- 

^^K    March,  1880,  in  the  Popular  Science  Monthly^  with   the   title, 

**  ^V'ater  as  Fuel,"  also  in  a  paper  read  before  the  Engineers'  Club 

^^    I^hiladelphia,  and  published  in  the  American  Gas  Light  Journal 

^^  February  16,  1880. 

The  leading  fallacy  developed  in  these  articles  is  that  involved 
^^  the  title  first  quoted,  **  Water  as  Fuel." 

To  anyone  understanding  the  actual  conditions  this  title  would 
^^  even  more  absurd  than  such  a  one  as  "Ashes  as  Fuel,"  "  Rest 
^s  a  Source  of  Motion,"  or  the  like. 

Water  is  simply  the  ashes  of  a  perfect  combustion,  and  is  no 
niore  capable  of  becoming  fuel  than  the  most  perfectly  burned 
^shes  from  a  wood  or  coal  fire. 

Fully  to  realize  the  true  relation  of  this  and  other  like  matters, 
^emust  take  a  rather  wide  view  of  our  chemical  surroundings  here, 
^  we  live  on  the  earth's  surface. 
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We  are  surrounded  by  a  practically  unlimited  supply  of  diluted 
oxygen  in  the  form  of  the  atmosphere,  and  all  practical  combustion 
•must  consist  in  a  union  of  one  or  another  fuel  with  this  oxygen  in 
the  air. 

While  there  are  hundreds  of  other  chemical  combinations  capa- 
ble of  producing  heat,  and  which  might  with  great  propriety  be 
called  combustions,  none  but  those  involving  the  union  of  some  fuel 
with  atmospheric  oxygen  are  practically  available;  and  while,  from 
a  purely  philosophical  standpoint,  it  is  just  as  proper  to  call  oxygen 
the  fuel  and  coal  the  supporter  of  combustion,  yet,  in  their  existing 
practical  relations,  it  is  far  more  convenient  and  appropriate,  and 
fully  as  accurate,  to  look  upon  atmospheric  oxygen  as  the  universal 
and  freely  supplied  supporter  of  combustion,  and  coal,  wood,  and 
other  materials  capable  of  energetic  union  with  it,  as  combustibles 
or  fuels. 

It  is  these  for  which  we  pay,  and  whose  economical  consump- 
tion is  of  importance,  and  the  atmospheric  oxygen  may  be  safely 
taken  for  granted,  with  only  such  limitations  as  to  secondary  effects 
of  its  wasteful  use  as  will,  of  course,  be  familiar  to  all  engineers. 

Realizing  this,  it  will  be  evident  that  the  value  of  any  fuel 
depends  primarily  upon  its  capacity  of  uniting  with  the  oxygen  in 
the  air,  and  that  the  addition  to  it  of  anything  which  does  not 
possess  such  a  capacity  can  in  no  way  add  to  its  heat-producing 
capacity,  though,  of  course,  it  may  render  it  more  convenient  of 
application  in  certain  cases.     To  illustrate  this: 

The  heat  energy  in  ordinary  illuminating  gas  is  by  no  means 
greater  than  that  present  in  the  coal  from  which  it  was  made,  but, 
on  the  contrary,  is  vastly  less,  yet,  nevertheless,  its  convenience  of 
application  renders  it  actually  more  economical  to  apply  it  to  a 
vast  number  of  uses,  notwithstanding  an  immense  loss  of  total 
heating  capacity. 

What,  then,  is  the  true  office  of  water  in  its  relation  to  fuel, 
properly  so  called  ?  Simply,  that  of  a  vehicle  which,  at  a  certain 
sacrifice  of  total  efficiency,  nevertheless,  facilitates  the  application 
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of  tl-»^     l^tdX  energy  (derived  exclusively  from  the  fuel)  under  certain 
circu.  m:x:i.  stances. 

J  ri  numerous  cases  solid  fuel  cannot  be  brought  conveniently 

in    ^^ontact  with  the   material  to  be  heated,  and  then  it  may  be 

desm.  x-^'^je^  even  at  a  certain  loss  of  total  effect,  to  turn  the  solid  fuel 

into    ,^    ^2^5  £q^  ^Yie,  sake  of  this  increased  convenience  of  application 

ana    c^onsequent  special  efficiency. 

I  in  such  cases,  water  may  become  a  useful   agency,  but  you 

canrkc>^  too  firmly  fix  in  your  minds  the  fact  that  its  beneficial  effects 

dep^rxcJ  solely  on  this  facility  of  application,  and  not  by  any  possi- 

biu^y   of  any  contribution  by  it  to  the  total  energy  developed  in  the 

concxt^i^g^JQj^  ^f  ^i^g  £ygj      'pj^g  oxygen  and  hydrogen  of  the  water 

"^^^  already  developed  in  their  mutual  union  all  the  potential 
ener^ry  jj^^y  possessed  in  this  relation,  and,  before  they  can  again 
extiii-^l^  any  such  force,  it  must  be  supplied  to  them  from  some  other 
souroe,  such,  for  example,  as  the  combustion  of  actual  fuel,  and 
incti  ^hat  they  give  out  again  will  be  exactly  what  was  thus  sup- 
plied to  them,  and  no  more. 

^Vhen,  therefore,  we  encounter  such  statements  as  that  by  the 

"s^  of  ^ater  with  coal  the  thermal  equivalent  of  the  carbon  can  be 

pr^otically  raised  from  a  theoretical  maximum  of  14.300  heat  units 

^  practical  efficiency  of  18.000  heat  units,  or  that  six  pounds  of 

ca^Oon  whose  theoretical  maximum  is  85.800  heat  units,  can,  by  the 

^^^  of  nine  pounds  of  water,  develop  124.000  heat  units,  let  us  not 

^^^trust  our  previous  impressions  and  fall  into  doubt  as  to  the  truth 

^fce  great  theory  of  conservation  of  energy,  but  look  out  sharply 

tor  3^  fallacy  in  the  reasoning  which  has  led  to  such  a  conclusion. 

We  should  remember,  in  fact,  that  while  very  few  things  are  so 

Improbable  that  they  might  not  be  established  by  sufficient  evidence, 

y^^  that  the  amount  of  evidence  must  be  vastly  increased  when  a 

seetning  result  is  at  variance  with  established  laws,  and  that  we  will 

be  Well  repaid  for  the  closest  scrutiny  and  the  utmost  deliberation  by 

tV^e  avoidance  of  disastrous  errors. 
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Another  common  source  of  error  and  consequent  loss  is  the 
neglect  in  the  consideration  of  a  subject  of  what  may  sometimes 
seem  trifling  practical  details,  but  which  often  control  the  question 
of  success  or  failure. 

Thus,  for  example,  it  was  seen  at  quite  an  early  date  that  a  hot- 
air  engine  was  theoretically  a  more  economical  motor  (if  questions 
of  practical  detail  were  neglected)  than  a  steam  engine.  Immense 
sums  of  money  and  a  vast  amount  of  the  highest  inventive  genius 
have  been  expended  on  the  development  of  such  engines  for 
general  use. 

The  small  practical  details  of  excessive  bulk  in  the  machinery, 
consequent  friction,  the  use  of  very  high  temperatures,  and  the  like, 
have,  however,  limited  the  application  of  the  air  engine  to  a  very 
narrow  field. 

In  like  manner,  theoretically  considered,  the  magneto-electric 
machine,  deriving  its  exciting  field-of-force  from  permanent  magnets, 
is  manifestly  more  economical  than  a  dynamo-electric  machine 
whose  exciting  field-of-force  is  maintained  only  by  a  constant 
expenditure  of  active  energy.  Yet,  as  a  matter  of  fact,  this 
theoretical  economy  is  more  than  balanced  by  the  practical  im- 
possibility of  securing  great  intensity  of  magnetic  field  with  per- 
manent magnets,  so  that  the  losses  caused  by  the  greater  friction 
and  electric  resistance  present  in  the  larger  and  more  complex 
magneto-machines  are  greater  than  those  involved  in  the  constant 
generation  of  a  magnetic  field  by  the  use  of  an  electric  current  in 
the  dynamo  machines. 

Some  curious  fallacies  have  been  presented  to  the  public  within 
the  last  few  years  resulting  from  a  failure  to  recognize  that  a 
horse-power  did  not  express  an  amount  of  work,  but  only  the  rate 
of  doing  work.  Thus  in  order  that  a  horse  should  develop  one 
horse-power  he  must  raise  33,000  pounds  i  foot  high  in  each 
minute  of  the  time  he  is  working,  and  thus  if  he  works  for  10 
minutes  he  will  do  the  amount  of  work  represented  by  330,000 
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foot-pounds,  or  if  he  works  for  10  hours  his  work  will  be  60  times 
as  much  as  that,  or  19,800,000  foot-pounds. 

About  a  year  ago  a  machine  was  exhibited  which  may  be  briefly 
described  as  a  steam  engine  employing  liquefled  ammonia  in  place 
of  steam.  In  exhibiting  it,  its  promoters  caused  it  to  raise  33,000 
pounds  I  foot  high  in  10  minutes,  and,  reckoning  this  as  a  horse- 
power, the  machine  showed  a  remarkable  economy  as  compared  with 
an  ordinary  one  horse-power  steam  engine.  None  of  the  promoters  or 
unprofessional  spectators  seemed  to  notice  the  fallacy  or  to  realize 
that  if  this  engine  and  an  ordinary  one-horse  steam  engine  had  been 
working  side  by  side,  sawing  wood,  for  example,  the  steam  engine 
would  have  done  as  much  work  or  sawed  as  much  wood  in  each 
minute  as  the  ammonia  engine  did  in  10  minutes,  and  that  thus,  at 
the  end  of  the  day,  the  work  or  wood  pile  of  the  steam  engine 
would  be  10  times  larger  than  that  of  the  ammonia  engine. 

In  fact,  the  ammonia  engine  was  not  a  one  horse-power  machine, 
but  a  one-tenth  horse-power  machine. 

This  incident  brings  to  mind  another  error  which  sometimes 
causes  curious  mistakes  in  connection  with  this  same  measure  of  the 
rate  of  doing  work — i.  e.,  the  horse-power. 

The  standard  horse-power,  33,000  foot-pounds  per  minute,  does 
not  mean  all  that  a  horse  can  do,  but  what  he  can  keep  up  steadily 
for  eight  hours  a  day. 

In  starting  a  heavy  load,  or  in  jumping  or  running,  a  horse  can 
develop  work  for  a  few  minutes  at  a  rate  many  times  as  great  as 
this.  The  same  is  true  of  a  man.  Doing  steady  work  hour  after 
hour  a  man  can  develop  about  one-tenth  to  one-fifth  of  a  horse- 
power, according  to  circumstances,  but  under  the  most  favorable  con- 
ditions an  ordinarily  strong  man  can  develop  work  for  15  seconds 
to  a  minute  at  the  rate  of  a  horse-power.  This  is  on  record  in 
"A  Treatise  on  the  Construction  of  Cranes,"  by  J.  Glynn,  Crosby 
Lockwood  &  Co.,  London,  1880,  but  is  not,  I  think,  generally 
known. 
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My  attention  was  first  called  to  it  in  the  following  way:  I  was 
asked  to  test  a  dynamo  machine  for  which  the  claim  was  made  that 
it  was  many  times  as  efficient  as  the  best  Brush  or  Weston 
dynamos. 

I  suggested  that  this  was  not  possible,  because  the  above-named 
machines  had  efficiencies  of  between  80  per  cent,  and  90  per  cent, 
of  a  theoretical  maximum. 

The  reply  to  this  led  to  the  following  questions  and  answers: 

Q,  How  much  power  does  an  ordinary  brush  arc  light  require  ? 

A,  About  one  horse-power. 

Q.  How  does  a  man-power  compare  with  a  horse-power  ? 

A,  As  about  one-fifth  to  one-tenth  to  one. 

Q.  If  then  one  man  with  the  dynamo  under  discussion  can  run 
one  Brush  arc  light,  will  not  that  prove  the  machine  to  be  from  5  to 
10  times  as  efficient  as  a  Brush  dynamo? 

To  this  I  replied  that  I  would  like  to  see  it  done. 

In  due  time  there  came  to  hand  a  large  flywheel  mounted  on  a 
frame,  with  a  pulley  for  belting  to  the  dynamo,  and  a  winch  to 
turn  it  by. 

All  being  arranged  it  was  found  that  a  strong  man  could  in 
fact  keep  up  an  arc  light  with  this  apparatus  for  about  50  seconds. 

As  soon  as  this  was  demonstrated,  a  dynamometer  was  attached 
in  place  of  the  dynamo,  and  this  showed  that,  in  the  same  way,  the 
same  man  could  develop  about  one  horse-power  for  thesame  time. 

It  was  curious  also  to  observe  how  completely  a  man  of  ordinary 
strength  was  exhausted  in  this  or  a  shorter  time  when  expending 
energy  at  this  high  rate.  Experiments  narrated  in  the  work  above 
named  showed  that  men  practiced  in  turning  a  winch  could  keep 
up  such  work  for  from  two  to  three  minutes. 

This  matter  of  the  true  measure  of  a  horse-power  frequently 
comes  in  as  an  important  practical  question. 

Thus,  in  considering  motors  for  street  cars,  it  does  not  at  all 
follow  that  a  two-horse  steam  engine  or  other  motor  could  practic- 
ally replace  a  pair  of  horses.     The  two-horse  engine  could  exert  no 
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ore  power  in  starting  the  car  than  at  any  other  time,  while  the 
j>^ir  of  horses  could  for  a  few  moments  work  at  the  rate  of  8  or 
%  o  horse-power,  and  so  accomplish  all  that  was  needed  where  the 
engine  would  fail. 

There  are  certain  erroneous  impressions  as  to  the  true  relations 
force,  energy,  and  work,  originally  derived  from  our  personal 
iisations,  which  are  constantly  encountered.  Thus,  in  connection 
ith  the  early  so-called  '*  demonstrations'*  of  Mr.  Keely,  there  was 
a.  constant  confusion  of  "pressure"  (which  is  an  example  of  "  force**) 
ivit:li  "work,"  or  its  source,  "energy",  and  the  public  was  constantly 
to  lei  that  Mr.  Keely  had  discovered  a  new  and  vast  power,  capable 
of  a.ccomplishing  vast  results  in  the  way  of  work,  because  he  showed 
pressures  of  thousands  of  pounds  on  gauges. 

If  one  holds  up  a  weight  in  the  extended  hand  he  is  soon  as 
tired  as  if  he  had  done  a  considerable  amount  of  work,  and  it  is 
therefore  natural  to  feel  that  the  mere  exercise  of  force  is  equivalent 
to  the  doing  of  work. 

Work,  however,  is  a  compound  entity  involving  not  only  the 
exercise  of  force  but  also  the  accomplishment  of  motion. 

A  force  of  one  pound  acting  by  causing  motion  through  i  foot 
^^n  do  the  work  of  a  foot-pound;  but  a  force  of  a  million  pounds 
^ot   moving  or  causing  motion  through  any  distance  will  do   no 
^ork. 

Work  must  always  be  a  product  of  force  and  distance  moved. 
A  realization  of  this  will  save  us  from  the  fallacies  involved  in 
schemes  for  the  development  of  "  power  "  from  such  forces  as  the 
expansion  of  solids  or  liquids  which,  though  enormous  in  their  in- 
tensities, are  limited  to  insignificant  distances  in  their  range  of 
niotion.  The  same  principle  applies  as  to  many  proposed  forms  of 
"magnetic  motors,  where  the  intensity  of  an  attractive  force  is  offset 
by  the  shortness  of  its  range. 

Another  instance  of  an  erroneous  impression  arising  in  the 
same  way  is  the  very  common  one  that  the  reaction  of  an  escaping 
jet  upon  the  vessel  from  which  it  flows  depends  in  some  way  on  the 
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exterior  resistance  to  said  jet.  If  we  stood  at  the  stern  of  a  boat, 
and  wished  to  push  the  same  forward,  we  could  accomplish  much 
more  by  placing  a  pole  against  the  shore  or  some  firm  obstruction 
and  pushing,  than  if  we  had  no  such  resistance  to  act  upon,  and, 
therefore,  we  feel  that  if  we  are  trying  to  propel  a  boat  by  driving 
a  jet  of  water  from  her  stern  a  better  effect  will  be  secured  in  pro- 
portion  as  the  jet  strikes  against  a  more  and  more  unyielding 
resistance. 

In  fact,  however,  the  energy  expended  or  work  done  in  so 
propelling  a  boat  depends  solely  on  the  energy  or  work  involved  in 
the  ejected  jet,  and  is  exactly  the  same  whether  the  jet  is  thrown 
above  the  water  level  into  the  air,  below  the  level  into  the  water,  or 
in  some  other  arrangement  into  a  vacuum.  A  failure  to  appreciate 
this  well-established  fact  involved,  within  a  few  years,  the  useless 
expenditure  of  a  large  sum  in  attempting  to  drive  a  boat  by  water 
jets  expelled  at  high  velocities,  under  the  impression  that  the 
greater  resistance  to  the  jet  after  it  had  left  the  nozzle,  secured  by 
its  high  velocity,  would  produce  a  beneficial  effect  upon  its  "  re- 
action **  or  power  to  drive  the  boat. 


AM    APPARATUS  FOR  EXPLORING  MAGNETIC  FIELDS  AS 

TO  DIRECTION  AND  INTENSITY. 


BY    PROF.    W.    E.    GEYER. 


LET  a  flat  coil  of  wire  rotate  about  a  horizontal  axis,  which  lies 
in  the  plane  of  the  coil,  and  passes  through  its  center.  Con- 
sider the  lines  of  force  as  also  being  horizontal  and  running  in  a 
direction  at  right  angles  to  the  axis  of  rotation.  If  the  ends  of  the 
wire  are  connected  to  two  insulated  rings,  mounted  upon  the  shaft, 
a  current  can  be  collected  by  brushes  rubbing  upon  the  rings  and 
connected  with  some  external  circuit.  The  current  is  an  alternating 
one,  and,  if  the  speed  of  rotation  is  at  all  rapid,  will  not  deflect  a 
galvanometer  needle.  The  position  of  the  brushes,  both  with  ref- 
erence to  the  revolving  coil,  or  to  one  another,  is,  of  course,  altogether 
without  influence  on  the  result. 

If  the  ends  of  the  wire  are  brought  to  the  well-known  split- 
ring  commutator,  the  current  may  be  more  or  less  commuted.  It 
will  become  entirely  unidirectional,  when  the  brushes  rub  upon  the 
middle  of  the  half-rings,  at  the  time  when  the  revolving  coil  is  in 
its  most  efficient  (in  this  case,  horizontal)  position.  The  galva- 
nometer needle,  being  now  urged  in  but  one  direction,  will  be 
deflected. 

Upon  the  same  split-ring  commutator  place  another  pair  of 
brushes  90  degrees  in  advance  of  the  former.  A  galvanometer 
connected  with  these  will  not  be  deflected,  for  the  current  is  now 
in  opposite  directions  for  equal  periods. 

If  both  sets  of  brushes  are  shifted  45  degrees  forward  the 
galvanometers  will  give  equal  readings.  For,  although  the  currents 
are   interrupted,  and  to  some  extent  alternating,  there  is  a  pre- 
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ponderance  in  one  direction.  Instead  of  shifting  the  brushes,  we 
might  have  caused  the  lines  of  force  to  dip  at  45  degrees.  The 
galvanometer  readings  would  again  be  as  above. 

We  may  conceive  the  field  of  force  as  resolved  into  a  horizon- 
tal and  into  a  vertical  component,  and  place  one  set  of  brushes  to 
draw  the  maximum  current  from  the  horizontal  part.  The  other 
pair,  90  degrees  in  advance,  will  then  give  the  vertical  component. 
By  compounding  the  components  we  get  the  resultant  as  to  magni- 
tude and  direction. 

Let  Zr=value  horizontal  reading. 

Let  F=  value  vertical  reading. 


Then  j^H^  +  F*  =  the  total  force. 

mi_    J       ^'      •               1      i_                   ^  •     vertical  readinir 
The  direction  is  an  angle  whose  tangent  is r?-. 

horizontal  reading 
As  far  as  I  am  aware,  this  method  of  exploring  a  magnetic  field 
for  direction  and  intensity  by  the  use  of  four  brushes  had  not  beer^ 
tried  or  described,  and  in  1892  experiments  were  made,  at  my  sug^ 
gestion,  by  Mr.  Harold  B.  Atkins  and  John  T.  Schramme,  to  test  it& 
availability  for  the  purpose  mentioned.  These  experiments  were 
resumed  in  1894  by  Mr.  Robert  W.  Smith  and  Mr.  William  D.  Pier- 
son,  and  successfully  completed.  The  following  is  a  condensed 
description  of  their  apparatus  and  results: 

DESCRIPTION    OF    APPARATUS. 

The  exploring  coil  a.  Fig.  i,  consists  of  15  turns  of  No.  36 
copper  magnet  wire,  wound  on  a  brass  bobbin  7>  three-eighths  inch 
in  diameter  and  one-half  inch  long.  This  bobbin  has  a  shank  c 
three-sixteenths  inch  in  diameter  and  3  inches  long,  drilled  and 
tapped  to  screw  on  a  brass  shaft  12  inches  long,  which,  for  3  inches 
on  the  bobbin  end,  is  three-sixteenths  inch  in  diameter,  and  for  the 
remainder  of  its  length  is  one-fourth  inch  in  diameter.  This  shaft 
is  made  in  two  pieces,  it  being  found  impracticable  to  turn  so 
slender  a  piece  of  that  length,  and  the  two  parts  are  joined  by  a 
nicely  fitting  brass  collar,  which  also  serves  to  keep  the  shaft  from 
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sliding  in  its  bearings.  The  bearings  are  plain,  cylindrical,  6 
inches  apart;  the  one  at  the  bobbin  end  being  three-sixteenths  inch 
in  diameter,  the  other  one-fourth  inch.  The  enlargement  of  the 
shaft,  occurring  just  within  the  bearing,  forms  a  shoulder,  which, 
like  the  collar  at  the  other  bearing,  prevents  sliding  of  the  shaft. 
The  bearing  at  the  bobbin  end  of  the  shaft  carries  a  bushing  one- 
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half  inch  in  diameter  and  one-eighth  of  an  inch  long,  which  holds 
a  yoke  of  hard  rubber  on  which  the  brush-holder  is  fixed. 

The  brush-holder  is  of  hard  wood  one-eighth  thick  and  2  inches 
in  diameter  and  is  fastened  to  the  yoke  by  means  of  brass  screws. 
It  carries  on  its  face  four  brushes  at  a  quadrant's  distance  from 
one  another.     These  brushes  consist  of  eight  strips  of  hard-rolled 
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copper  one-fourth  inch  wide  and  i  inch  long,  soldered  together,  and 
fastened  to  the  brush-holder  by  means  of  brass  screws.  The  brushes, 
together  with  the  brush-holders  and  yoke,  are  capable  of  being 
rocked  on  their  support,  so  that  the  brushes  are  adjustable  to  any 
position. 

The  commutator  on  which  the  brushes  rub  is  constructed  as 
follows: 

Upon  a  boxwood  hub,  three-fourths  inch  long  and  seven- 
eighths  inch  in  diameter,  is  fastened  a  plane  disk  of  hard  maple 
three-eighths  inch  in  thickness  and  two  and  one-quarter  inches  in 
diameter.  This  plate  is  divided  into  halves  by  a  narrow  slot.  The 
brushes  rub  upon  the  face  of  this  disk,  so  that  we  have  what  might 
be  called  a  face-plate  commutator.  Four  set  screws  in  the  hul> 
keep  the  commutator  from  turning  on  the  shaft,  and  provide  a. 
means  of  adjusting  it,  so  that  it  will  turn  truly. 

It  may  be  remarked    incidentally  that    Messrs.   Smith  and. 
Pierson  at  first  constructed  a  cylindrical  commutator,  similar  to  th^ 
one  used  by  Messrs.  Atkins  and  Schramme  in  preparing  their  thesis- 
of  1892,  with  the  exception  that  the  material  used  was  copper* 
instead  of  brass. 

After  giving  it  a  thorough  test,  in  a  course  of  experiments' 
which  consumed  two  weeks,  the  commutator  was  discarded  as 
being  unreliable. 

The  face-plate  commutator  was  found  to  be  a  great  improve- 
ment, giving  steady,  uniform  readings. 

The  two  ends  of  the  winding  on  the  bobbin  are  brought  each 
to  a  binding  post  fastened  in  the  back  of  the  **  face-plate,"  and  con- 
nected electrically,  one  to  each  half  of  the  commutator. 

Four  wires  lead,  each  from  its  respective  brush,  to  a  double 
two-point  switch,  by  means  of  which  either  set  of  wires  is  electri- 
cally connected  with  the  galvanometer,  a  '*  set  "  constituting  two 
wires  leading  from  diametrically  opposite  brushes. 

After  passing  through  the  switch,  the  current  is  led  through  a 
reverser,  by  means  of  which  the  galvanometer  is  deflected  first  to 
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one  side  of  the  zero  point,  and  then  to  the  other,  thus  eliminating 
any  error  due  to  a  possible  change  in  the  position  of  the  scale. 

The  brushes  are  so  placed  that  one  set  takes  oflF  the  current 
generated  by  the  horizontal  component  of  the  lines  of  force,  while 
the  other  set,  being  placed  at  right  angles  to  these,  takes  off  the 
current  which  measures  the  vertical  component. 

The  galvanometer  used  to  measure  the  current  generated  is 
the  Hartman   low-resistance  dead  beat  galvanometer,  which  con- 
sists essentially  of  a  bell-shaped  steel  magnet  suspended  so  as  to 
swing  freely  between  two  coils  of  magnet  wire  through  which  the 
current  to  be  measured  is  sent.     The  galvanometer  is  very  "dead 
beat,"  the  damping  being  obtained  by  means  of  a  heavy  cylinder 
of  copper.     A  small  mirror  is  attached  to  the  steel  magnet  so  as  to 
STieing  with  it,  and  the  deflections  are  read  from  a  scale  through  a 
cross-haired  telescope  placed  at  some  distance  from  the  mirror,  in 
this  case  about  14  feet,  the  scale  being  reflected  into  the  telescope 
by  means  of  the  mirror. 

The  coil  is  rotated  by  means  of  a  small  electromotor,  which  is 
run  by  means  of  a  lo-volt  current  from  the  storage  battery,  the 
belt  being  run  from  a  2}4-inch  pulley  on  the  motor-shaft  to  a 
»-irich  pulley  on  the  shaft  carrying  the  coil. 

The  spced-regulatmg  device  first  used  was  one  devised  by  Mr. 
Trautvetter,  and  used  by  him  in  his  thesis  of  1891,  and  consists  of  a 
^^riing-fork  actuated  by  an  electromagnet  through  which  an  inter- 
mittent current  was  sent,  the  "  maker-and-breaker"  being  on  the 
shaft  of  the  motor. 

When  the  "  maker-and-breaker  "  corresponded  in  time  to  the 
vibration  number  of  the  fork,  a  note  was  produced  which  gave  the 
signal  for  taking  the  reading.     This  apparatus,  however,  was  finally 
discarded,  together  with  all  the  results  based  upon  its  use. 

In  its  stead  there  was  secured  from  Koenig,  of  Paris,  an  elec- 
^^ic  tunmg-fork  arranged  for  stroboscopic  vision,  which  speed- 
counting  device  filled  with  perfect  satisfaction  the  demand  made 
upon  it. 
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It  consists,  Fig.  2,  of  a  large  tuning-fork  mounted  upon  a 
standard  (for  the  present  purpose,  horizontally,  and  yibrating  in  a 
vertical  plane)  and  having  between  its  prongs  an  electromagnet, 
through  which  an  intermittent  current  passes,  the  current  being 
made  and  broken  by  means  oi  a  tongue  attached  to  one  of  the 
prongs  and  acting  in  the  same  manner  as  the  little  tongue  in  an 
electric  bell. 


The  vibration  number  of  the  fork  is  adjustable  through  quite  a 
range,  by  means  of  weights  sliding  on  the  prongs;  and  this  range 
is  extended  through  a  series  of  forks. 

On  the  ends  of  the  prongs  are  aluminum  screens,  each  with  a 
horizontal  slot,  and  when  the  fork  is  not  vibrating,  the  slots  are 
opposite  each  other,  so  that  one  can  see  through. 

Hence,  when  the  fork  is  in  vibration,  the  slot  opens  and  closes 
twice  for  each  complete  vibration. 
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The  large  ead  of  tbe  shaft,  Fig.  2,  carries  a  wooden  disk  wilh 
a  paper  face,  upon  which  is  drawn  a  heavy  black  diametral  line. 
The  operator  looks  through  the  slot  of  the  vibrating  fork  at  the  re- 
volving disk.  If  now  the  disk  makes  half  a  turn  every  time  the  slot 
opens,  the  line  on  the  disk  will  appear  stationary;  if  the  disk  re- 
volves too  slowly  or  too  fast,  the  line  appears  to  revolve  backward 
or  forward,  as  the  case  may  be,  the  speed  of  this  apparent  forward 
or  backward  motion  being  greater  or  less,  as  the  speed  of  the  shaft 
is  more  or  less  perfectly  adjusted.  The  speed  is  controlled  by  the 
pressure  of  the  finger  upon  the  shaft,  and  can  be  regulated  to  a 
nicetr. 


The  dynamo  whose  field  was  explored  was  a  small  We; 
fiouse  machine  ordinaiily  used  as  an  exciter  for  their  alte 
't  was  excited  by  means  of  o.  15  ampere  from  another  dynamo. 

The  two  operators  were  in  separate  rooms  and  connected  by 
'ignais.  One  operator  manipulated  tlie  coil  and  governed  its  spee<!. 
'liile  the  other  took  the  readings  of  the  galvanometer.  The  ex- 
tftme  delicacy  of  the  galvanometer  rendered  this  complete  isolation 
"Kessary. 

The  coil,  shaft,  brushes,  etc.,  were  mounted  upon  a  woi'den 
slide  rest  capable  of  sliding  in  any  of  three  rectangular  directions. 
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indicated  by  X,  Y,  and  Z  in  the  tables;  and,  by  means  of  scales  and 
indices,  the  co-ordinates  of  any  position  of  the  coil  could  be 
ascertained. 

The  origin  of  co-ordinates  is  taken  at  the  center  of  the  arma- 
ture, which  is  also  the  center  of  figure  of  the  field  magnets.  Dis- 
tances along  the  axis  of  the  armature  are  denoted  by  X.  The  axis 
of  Y  is  horizontal,  running  midway  between,  and  parallel  with,  the 
horizontal  portion  of  the  field  magnets.  The  axis  of  Z  is  vertical. 
The  values  of  X,  Y,  and  Z  are  given  in  inches. 

With  the  idea  of  testing  the  accuracy  of  the  apparatus,  it 
was  proposed  to  rotate  the  dynamo  field  about  the  axis  of  the  coil 
to  several  different  positions,  and  to  take  the  ^and  F  readings  for 
each  new  position  of  the  field. 

The  H  and  F  components  would  then  change  for  each  position 
of  the  field,  but  the  resuhant  should  be  the  same  in  every  case. 

Instead  of  rotating  the  field  magnets,  however,  the  brush- 
holder  was  rocked,  thus  giving  components,  which,  although  ap- 
parently horizontal  and  vertical,  as  a  matter  of  fact,  were  not,  and 
which  changed  in  value  for  each  new  position  of  the  brush-holder. 

The  resultant  of  these  components,  however,  should  be  equal 
in  all  cases,  so  that  the  operation  of  rocking  the  brushes  will  afford 

the  same  means  of  testing  the  apparatus  that  the  rotation  of  the 

« 

field  magnets  would  give. 

The  following  table  gives  the  results: 

Table  I. 


1 

Apparent  Horizontal,    j 

Apparent  Vertical 

H^  -\-  V\ 

Right.          Left. 

Average. 

Right.          Left. 

1 

V, 
Average 

V//»-i-^*. 

1 

6                6 
56              60 
94       1       96 

6       '         7 

So       1       76 

1 

6 
58 
95 

6.5 

78 

i 

1 

loS       1       108 
85       1         85 
36       1         42 

107              108 
70               70 

108 

85 

3Q 
107.5 

70 

11,700 
io,58g 
10.546 

11.598 
10.984 

108.1 
102.9 
102.7 

107.7 
IC4.8 
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The  variation  of  the  value  of  the  resultant  is  only  2.7  per  cent, 
either  side  of  the  mean,  showing  the  theory  to  be  correct  and  the 
readings  to  be  reliable. 

In  Fig.  4  are  plotted  the  results  of  an  experiment  when  the 
exploring  coil  was  at  first  in  the  position  X  =  1.5,  Y  =  3,  Z  =  o, 
and  moved  along  by  one-half  inch  at  a  time  to  Y  =  6.  The  axis  of 
rotation  was  parallel  with  X.     The  field  magnets  were  excited  by 


PlO.  4. 

0.15  ampere,  the  armature  having  been  taken  out.  The  arrows  of 
the  figure  indicate  the  direction,  and,  by  their  length,  the  relative 
magnitude,  of  the  component,  as  calculated  from  Table  II. 

On  inserting  the  armature,  but  leaving  it  without  current,  both 
components,  especially  the  vertical  one,  were  much  reduced  (see 
Table  HI.),  since  many  of  the  lines  of  force,  which  before  were 
stray  ones,  now  passed  through  the  armature  core. 


7ai,™..«  (see  Table  ,,cf« 
.iiTMuvt  .ne  very  munti    y. 

b T-i  5  ate  ploued  the  re»i    ^^ 
:^»i.  Ttie  sudden   char^rfo 
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When,  however  (see  Table  IV.),  the  armature  was  charged 
'w^ith  a  current  of  only  three  amperes,  the  horizontal  components 
^earthe  armature  were  very  much  increased,  showing  a  distortion 
of  the  stray  field. 

In  Fig.  5  are  plotted  the  results  of  experiments  on  the  outside 
stray  field.     The  sudden  change  in   direction  at  Y3J,  where  the 


Fig.  5. 

^^oss-section  of  the  iron  is  reduced  to  make   room  for  the   field 
^^gnet  wire,  is  interesting. 

By  rotating  the  coil  at  the  standard  speed  in  a  field  of  known 

'^tensity,  such  as  that  produced  by  a  long  helix,  the  reading  could 

06  reduced  to  some  absolute  measure. 


THE  DETERMINATION  OF  CARBON  IN  IRON  AND  STEEL. 


BY    PROF.    THOMAS   B.    STILLMAN. 


THE  determination  of  carbon  in  iron  and  steel  has  probably 
received  more  attention  in  later  years  from  chemists  than 
any  other  subject  in  analytical  chemistry. 

To  secure  a  method  at  once  complete  and  rapid  whereby 
carbon  varying  in  amounts  from  4  per  cent,  to  0.00 1  per  cent,  in 
different  irons  and  steels  could  be  accurately  determined  has  been 
a  desideratum. 

Processes  that  are  satisfactory  for  special  grades  of  irons  or 
steels  rarely  can  be  relied  upon  in  general  practice. 

So  important  has  this  subject  become  to  the  metallurgical 
world  that  committees  acting  in  union  from  Sweden,  England,  and 
America*  have  been  appointed  to  determine  not  only  the  best 
methods  of  iron  and  steel  analysis,  but  also  to  analyze  standard 
samples  of  iron  and  steel,  compare  the  results  and  select  methods 
which  should  be  uniform  for  the  different  countries. 

The  determination  of  carbon  as  made  upon  the  standard  sam- 
ples are  thus  reported: 


Standard. 

No.  I.       1       No.  a.              No.  3. 

•                        1 

No.  4. 

English  committee 

Swedish  committee 

Per  cent. 

1. 414 
1.450 
1.440 

Per  cent. 
0.816 
0.840 
0.807 

Per  cent. 
0.476 
0.500 
0.452 

Per  cent. 
0.151 
0.170 
0.160 

American  committee 

**  Journal  American  Chemical  Society^  XV.,  p.  449. 
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The  English  and  Swedish  committees  have  not  yet  selected  the 
method  to  be  adopted  as  standard  in  carbon  determinations,  but  the 
^A^merican  committee  have  rendered  their  report  suggesting  certain 
iXBodtfications  in  the  use  of  solvents  for  the  iron  and  the  separation 
4yi  the  total  carbon. 

The  use  of  the  double  chloride  of  copper  and  potassium,  as  a 
solvent  for  iron,  is  recommended  in  place  of  the  double  salt  of 
cbloride  of  copper  and  ammonium,  owing  to  the  great  difficulty  in 
ot>taining  the  latter  salt  free  from  pyridin  and  other  tarry  products. 
Of  the  many  methods  used  to  obtain  the  amount  of  carbon 
from  the  iron,  the  following  few  are  selected  to  indicate  not  only 
rhe  variety  of  the  processes,  but  a  gradual  improvement  by  com- 
bination of  different  methods: 

Berzelius  {Anna/en  der  Phxsik  und  Chemie^  1 838,)  first  suggested 
rhi^tthe  iron  or  steel  be  finely  pulverized  and  then  ignited  in  a 
ou  rrent  of  oxygen  and  the  resulting  COg  weighed. 

Regnault  {Annates  de  Chemie  et  de  Physique^  1839,  p.  107)  made 
u^e  of  combustion  of  the  powdered  iron  with  chromate  of  lead  and 
1  orate  of  potash  and  the  amount  of  COo  weighed. 

Berzelius,  however,  in   1840,  separated   the  carbon   from   the 
n  by  dissolving  the  latter  in  copper  chloride  and   igniting  the 
^^^-rbon  in  oxygen  (Journal fUr  Prak.  Chemie^  1840,  p.  247). 

From  this  period,  the  methods  for  total  carbon  can  be  included 
•   **^   t.wo  general  classes: 

First  Class, — Combustion  of   the  carbon  in  the  powdered  iron 
directly. 

Second  Class. — Separation    of   the    carbon    from    the    iron    by 
^i^emical  means  and  combustion  of  the  carbon. 

Deville  and  VVohler  (Zeitschrift  fur  Analytishe  Chemie^  VIII,,  p. 
401)  describe  processes  by  which  the   iron  can  be  separated   from 
^^e  carbon,  by  volatilization  of  the   iron  with  chlorine  or  hydro- 
cWoric  acid  gas,  and  combustion  of  the  remaining  carbon. 

With    the    exception    of    a    method    described     by    Gmelin 
(Oestreicker  Zeitschrift  fur  Berg  und  Huttemvesen^  1883,  p.  39?),  by 
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which  the  powdered  iron  is  treated  directly  with  CrOj  and  H^SO^ 
and  the  carbon  oxidized  to  CO,,  the  methods  ot  the  First  Class, 
above  given,  are  no  longer  used. 

Second  Class. — These  methods  give  better  results  in  general 
practice,  and  nearly  all  the  advances  and  improvements  have  been 
made  in  this  direction. 

Ullgren  (Annal.  de  Chem.  und  Phar.^  124,  p.  59)  dissolved  the 
iron  with  solution  of  copper  sulphate  and  oxidized'the  carbon  to 
COg  by  heating  with  CrOg  and  HjSO^. 

Eggertz  {Dingier' s  Polytechnishes  Journal^  170,  p.  350)  dissolved 
the  iron  with  bromine  or  iodine,  and  the  separated  carbon  was 
ignited  with  chromate  of  potash. 

Langley  {American  Chemist^  VI.,  p.  265)  modified  Ullgren's 
method  by  ignition  of  the  carbon  in  oxygen  after  solution  of  the 
iron  by  copper  sulphate. 

Richter  dissolved  the  iron  with  chloride  of  copper  and  potas- 
sium and  burned  the  carbon  in  oxygen. 

Weyl  and  Binks  dissolved  the  iron  in  dilute  HCl  passing  aa 
electric  current  at  the  same  time  and  ignited  the  carbon  in  oxygen 
(Annalen  der  Physik  und  Chemie^  114,  p.  507). 

Parry  dissolved  the  iron  in  solution  of  copper  sulphate,  the: 
carbon  burned,  mixed  with  CuO,  in  vacuo  and  the  volume  of  CO^ 
measured  (Chemical  News ^  25,  p.  301). 

Eggertz'  method  for  combined  carbon  (Chemical  Neu*s,  VII., 
p.  254),  in  which  the  iron  was  dissolved  in  nitric  acid   and  the 
amount  of  carbon  (combined)  determined  by  color  of  the  solution 
found. 

McCreath  and  Pearse  dissolved  the  iron  with  chloride  of  copper 
and  ammonium  and  combustion  of  the  residue  (Engineering  and 
Mining  Journal^  21,  p.  151). 

Boussingault  (Dingier  s  Polytechnisches  Journal^  '97>  P»  25)  de- 
composed with  mercuric  chloride  and  oxidized  the  carbon  to  CO,. 

Wiborgh  (Dingier  s  Polytechnisches  Journal^  265,  p.  502)  dis- 
solved the  iron  with  solution  of  copper  sulphate,  oxidized  the  carbon 
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»y  heating  with  CrO,  +  H^SO^,  and  measuring  the  volume  of  COj 
formed. 

Experience  has  shown  that  the  methods  of  UUgren,  Langley, 
I^ichter,  and  Wiborgh  give  the  best  results  for  the  total  amount  of 
c^^irbon  in  iron,  and  that  the  Eggertz  method  for  combined  carbon 
i  r^  steel  can  be  relied  upon  as  the  best  for  the  purpose. 

The  determination  of  total  carbon,  as  made  in  my  laboratory, 
i  s  either  by  the  XJUgren  or  Langley  methods,  somewhat  modified. 
T7he  UUgren  method  is  thus  performed:  Six  grammes  of  the  iron, 
ira   fine  turnings,  are  transferred  to  a  No.  3  beaker  and  100  cubic 
c^^ntimeters  of  a  solution  of  copper  sulphate*  (i  to  5)  added,  the 
Jution  being  first  rendered  neutral  by  a  few  drops  of  a  very  dilute 
lution  of  potassic  hydrate.     Digest  at  a  gentle  heat  until  all  the 
ii-on  is  dissolved  (no  smell  of  hydrocarbon  given  oflF),   add  100 
l)ic  centimeters  CuCl,  solution  (i  to  2)  and   75   cubic   centi- 
eters   HCl    (specific    gravity,   1.2)  and  warm  until  the  metallic 
pper  is  dissolved.     Filter  upon  an  asbestos  filter,  washing  first 
itrh  dilute  HCl,  and  finally  with  water  until  no  reaction  for  HCl  is 
ot>'^ainable  with  a  drop  of  AgNOj  solution.    Transfer  the  asbestos 
ftl^€r  containing  the  carbon  to  the  flask  A,  Fig.   i,  not  using  over 
^5     cubic  centimeters  H^O   in  the  operation.    Add   10  grammes 
3,  and  in  the  delivery  flask  place  50  cubic  centimeters  concen- 
led  HjSO^,  and  connect  the  flask  with  the  system  of  U  tubes. 
B  contains  water  sufficient  to  cover  the  neck  of  the  U  tube, 
^^d  is  made  slightly  acid  with  HgSO^. 

C  and  D  contain  granulated  CaClg  free  from  CaO. 
E  and  F  contain  soda  lime,  medium  granulated,  and  are  care- 
^ully  weighed  before  use. 

G  contains  granulated  CaClg.     Allow  the  sulphuric  acid  in  the 

delivery  tube  to  enter  flask  A  and  close   the   stop-cock.     Warm 

I  ^^e  contents  of  the  flask  gradually  to  boiling,  and  when  no  more 

I  ?^s  passes  through  B  open  the  side  stop-cock  of  flask  A  and  con- 


*  Copper  chloride  and  HCl  can  be  substituted  as  recommended  by 
American  Committee  on  Standard  Methods. 
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nect  with  the  Trauber  drying  apparatus.  The  aspirator  is  connected 
with  G,  and  air  is  slowly  aspirated  through  the  entire  apparatus. 
Continue  this  until  about  five  litres  of  air  have  been  aspirated. 

After  20  minutes  weigh  the  tubes  E  and  F;  the  increase  of 
weight  represents  the  CO,  produced  by  the  oxidation  of  the  carbon. 

Thus,  6  grammes  of  cast  iron  taken: 

Tubes  E  and  F  +  CO, 65.621 

Tubes  E  and  F 65.002 

CO, 619 

CO,  :  C  ::  .619  :  x  =  .171. 

.171  X  100  ^  ^  ^ 
=  3.18  per  cent.  C. 

The  carbon  in  cast  iron  being  generally  a  mixture  of  com- 
bined and  graphitic  carbon,  it  is  essential  to  determine  the  graphitic 
carbon,  and  this  amount  being  subtracted  from  the  total  carbon 
gives  the  combined  carbon.  In  steels  where  the  carbon  is  all  com- 
bined the  color  test  of  Eggertz  suffices.  The  graphite  is  thus  de- 
termined: 

Add  50  cubic  centimeters  HCl  (specific  gravity  i.i)  to  6 
grammes  of  cast  iron  or  10  grammes  of  steel  in  a  No.  3  beaker; 
warm  gently  until  the  iron  is  all  dissolved,  bring  to  boiling  temper- 
ature for  five  minutes,  allow  the  graphite  to  settle,  and  decant  the 
supernatant  liquid  upon  an  asbestos  filter;  wash  by  decantation 
four  times  with  hot  water  and  treat  residue  in  beaker  with  25  cubic 
centimeters  solution  of  potassic  hydrate  (specific  gravity  i.i)  and 
boil.  Transfer  to  the  asbestos  filter,  wash  thoroughly  with  boiling 
water,  then  with  alcohol  and  ether,  and  transfer  the  asbestos  filter 
to  the  flask  A,  Fig.  i,  and  oxidize  the  carbon  to  CO2  with  CrOg  and 
H,S04,  as  in  the  process  previously  given  for  total  carbon. 

Thus,  6  grammes  of  iron  taken: 

Tubes  E  and  F  -|-  CO, =  66,053  grammes. 

Tubes  E  and  F =  65 .  62 1  grammes. 

COg   =     0.432  grammes. 
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C  =  .1178  grammes. 

Graphitic  carbon =   i . 96  per  cent.* 

Combined  carbon =   1.22  per  cent. 

Total  carbon 3.18  per  cent. 

METHOD    OF    LANGLEY    MODIFIED. 

In  this  process  the  sample  is  treated  in  the  same  manner  for 
solution  of  the  iron  as  described  for  total  carbon  in  the  Ullgren 
method.  After  the  carbon  has  been  thoroughly  washed  upon  the 
asbestos  filter,  it  is  dried  and  transferred  to  a  porcelain  boat  which 
is  placed  inside  of  a  combustion  tube  in  the  furnace  C,  Fig.  2. 

The  tube  D  connected  with  the  combustion  tube  contains  gran 

ulated  CaClg,  and  E  and  F  soda  lime;  another  tube  G  containing^:' 
CaClg  (not  shown  in  the  figure)  is  also  used.    Oxygen  under  press — 
ure  in  the  tank  A  is  allowed  to  pass  slowly  through  the  Trauber 
drying  apparatus,  which  removes  all  moisture  and  CO,,  into  thc^=^ 
combustion  tube  and  through  the  tubes  D,  E,  F,  and  G. 

Heat  is  gradually  turned  on  in  the  furnace  and  increased  untiS^ 
the  carbon  is  completely  burned  to  COg.     Turn  off  the  heat,  dis- 
connect the  oxygen  tank  and  slowly  aspirate  air  through  the  appar — 
atus  by  means  of  an  aspirator  (see  Fig.  i). 

After  cooling  30  minutes  weigh  the  tubes  E  and  Fand  calculate 
the  results  as  given  previously. 

It  will  be  noticed  that  no  Liebig's  potash  bulbs  are  used.     I 
have  obtained  better  results  by  the  use  of  soda  lime  in  U  tubes 
than  by  the  potash  bulbs,  and  in  general  practice  they  will  be  found 
much  more  convenient  and  less  liable  to  variation  in  weight. 

The  use  of  the  double  chloride  of  copper  and  ammonium  as  a 
solvent  for  the  iron  has  been  quite  general  in  this  country.  The 
American  Committee  on  Standard  Methods  of  Iron  Analyses  found 
that,  contrary  to  the  usual  practice,  this  solvent  must  not  be 
neutral,  but  must  be  rendered  strongly  acid  with  from  5  to  10  per 
cent,  of  its  volume  of  strong  hydrochloric  acid  (Journal  of  the 
American  Chemical  Society y  Vol.  XV.,  p.  449). 
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T.  M.  Drown  in  his  report  to  the  committee  describes  his  pro- 
cess as  follows:  "  Three  grammes  of  the  steel  were  treated  with  200 
cubic  centimeters  of  a  solution  of  copper  potassium  chloride  (300 
grammes  to  the  litre)  and  15  cubic  centimeters  of  hydrochloric 
acid  (specific  gravity  1.2).  After  complete  solution  of  the  iron  the 
carbon  was  filtered  off  on  an  asbestos-lined  platinum  boat, 
thoroughly  washed  with  hydrochloric  acid,  and  then  with  water 
until  the  washings  gave  no  reaction  with  silver  nitrate.  After 
drying,  the  boat  was  put  into  a  porcelain  tube  and  the  carbon 
burned  in  a  current  of  oxygen."  This  is  a  modification  of  Richter's 
process. 

There  does  not  appear  to  be  much  choice  in  the  method  of  the 
combustion  of  the  carbon.  Some  chemists  prefer  oxidation  with 
CrOj  -\-  HjSO^,  and  others  ignition  in  a  current  of  oxygen  gas. 

For  rapidity  of  execution  and  simplicity  of  apparatus  (Fig.  i) 
I  prefer  the  former. 

Wiborgh's  method  {Journal  of  the  Society  of  Chemical  Industrj\ 
VI.,  p.  748),  in  which  the  CO,  is  measured  instead  of  being 
weighed,  consists  as  follows:  The  apparatus  required  is  shown  in 
Fig.  3.  A  test  tube  A,  140  millimeters  long  by  20  millimeters 
internal  diameter,  is  surrounded  by  a  cage  of  brass  wire  gauze,  and 
fitted  with  a  caoutchouc  cork  with  two  perforations.  Through  one 
perforation  passes  the  narrow  end  of  the  stop-cock  funnel  B,  which 
should  project  for  about  15  to  20  millimeters  beneath  the  cork; 
through  the  other,  but  not  projecting  beneath  the  stopper,  passes 
the  connecting  tube  D.  This  latter  tube  consists  of  two  portions, 
united  by  India-rubber  tubing;  the  part  more  remote  from  A  and 
carrying  the  stop-cock  E  is  bent  to  pass  through  one  of  the  per- 
forations of  another  caoutchouc  stopper  in  the  graduated  tube  C, 
the  other  perforation  serving  to  connect  the  latter  with  a  stop-cock 
funnel  F. 

The  tube  C  should,  for  the  distance  of  70  millimeters  down- 
wards, have  an  internal  diameter  of  16  millimeters;  it  should  then 
be  widened  to  a  bulb  G,  of  about  25  centimeters  capacity,  and  be 


Determination  of  Carbon  in  Iron  and  Steel,  315 

fi'^^  1  ly  reduced  for  the  remaining  200  millimeters  to  about  9  milli- 
ons, this  narrow  portion  being  graduated  into  divisions  of  one- 
1^,  or,  preferably,  one-twentieth  of  a  cubic  centimeter,  denot- 
^'^S  in  each  case  the  capacity  of  the  whole  of  that  portion  of  the 
tLil>^  above  the  respective  graduations.  Beneath  this  tube  is  the 
^^^^''"^  -cock  H,  communicating  by  flexible  tubing  with  the  movable 


Fig.  3. 

^ater  reservoir  I.     The  test  tube  A  is  warmed  by  a  gas  or  spirit 
^^P»  and  the  whole  apparatus  should  be  mounted  on  a  suitable 
^^^nd.    The  measuring  tube  is  surrounded  by  a  water  jacket  K  to 
preserve  an  even  temperature. 

To  conduct  an  analysis,  0.2  gramme  of  finely  divided  wrought 
iron  or  steel  or  o.i  gramme  of  cast  iron  is  introduced  carefully 
into  the  test  tube  A,  taking  care  that  none  of  the  filings  adhere  to 
its  sides.     Four  cubic  centimeters  of  a  saturated  solution  of  pure 
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copper  sulphate  are  then  introduced  and  allowed  to  act,  with  fre- 
quent stirring,  during  lo  minutes,  unless  an  appreciable  smell  of 
hydrocarbon  be  observed,  when  the  action  must  be  suspended  after 
three  or  four  minutes.  One  and  two-tenths  grammes  of  crystallized 
chromic  acid  are  added  to  the  solution.  Meanwhile  the  tube  C 
must  have  been  filled  with  water  by  raising  the  reservoir  I  until  the 
liquid  has  risen  above  the  bulb  tube  G,  the  remaining  space  up  to 
the  cock  being  filled  by  water  introduced  through  F.  The  test 
tube  is  now  corked  and  connected  with  the  burette  C. 

Eight  centimeters  of  sulphuric  acid  (specific  gravity  1.7)  are 
mtroduced  drop  by  drop  into  A  through  B,  the  cock  of  the  latter  is 
closed,  that  marked  E  opened,  and  the  liquid  in  the  test  tube  grad- 
ually raised  to  boiling,  the  pressure  having  been  diminished  by 
previously  lowering  the  water  reservoir  I.  After  10  minutes*  boil- 
ing, during  which  the  reservoir  has  been  still  further  lowered,  if 
necessary,  to  maintain  the  diminished  pressure,  the  tube  is  cooled 
somewhat,  and,  together  with  the  connecting  tube  D,  is  carefully 
filled  with  water  introduced  through  B.  The  cock  E  is  then  closed 
and  the  total  volume  of  air  and  carbon  dioxide  read  off  after  lev- 
eling with  the  reservoir. 

I  is  then  once  more  lowered  and  the  cock  H  closed  in  order  to 
draw  in  a  quantity  of  a  10  per  cent,  potassic  hydrate  solution 
through  F.  After  the  carbon  dioxide  has  been  completely  absorbed, 
H  is  reopened,  the  liquid  leveled  again  and  a  reading  of  the  resid- 
ual air  is  taken. 

The  difference  between  the  two  readings  will  be  the  volume  of 
carbon  dioxide  evolved  from  the  carbon  in  the  iron. 

Evidently  if  0.2  gramme  of  substance  were  used,  each  cubic 
centimeter  of  COg  will  correspond  to  0.253  P^r  cent,  of  C,  and  the 
factor  0.253  multiplied  by  the  number  of  cubic  centimeters  of  gas 
should  give  a  direct  reading  of  the  percentage  of  carbon. 

But  this  is  not  quite  correct,  since  a  certain  quantity  of  CO,  (to 
be  found  by  experiment)  is  absorbed  by  the  water  in  the  tube.  By 
treating  pure  anhydrous  sodium  carbonate  in  the  apparatus  instead 
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of  iron  and  comparing  the  actual  with  the  theoretical  yield  of  car- 
bon dioxide  the  factor  may  be  corrected. 

Thus  the  true  factor  was  found  to  be  0.28,  and  this  was  uni- 
versally correct  for  cast  irons;  but  for  wrought  irons  or  steels, 
which  contain  less  carbon,  it  should  be  0.29. 

When  0.1  gramme  of  iron  is  used  the  factor  must  of  course  be 
doubled. 

Where  the  temperature  of  the  operation  differs  much  from  the 
normal  18  degrees,  correction  must  be  made  by  multiplying  or 
dividing  by  (i  +  0.00367  x  /)♦  where  /  is  the  variation  in  tempera- 
ture, according  as  the  solution  is  cooler  or  warmer  than  the  normal. 

This  process  is  expeditious,  and  a  very  delicate  measurement 
ol  the  COj  can  be  obtained  thus: 

One-twentieth  cubic  centimeter  of  COg  from  0.2  gramme  of  iron 
represents  0.014  percent,  of  carbon,  but  weighs  only  0.000 r  gramme. 

G.  Lunge  (Stahl  und  Eisen^  13,  p.  655)  gives  this  process  the 
preference  where  small  quantities  of  carbon  are  to  be  determined 
It\  cast  irons. 

DEITERMINATION      OF     COMBINED      CARBON      IN     STEEL.        EGGERTZ* 

METHOD. 

This  method   depends   upon   the   color  given  to  nitric  acid 
(specific  gravity  1.2)  when  steel  is  dissolved  therein;  the  carbon 
present  producing  a  light  brown  or  dark  brown  coloration  to  the 
liquid  in  proportion  as  the  carbon  is  in  small  or  large  amounts. 
'^ he  apparatus,  Fig.  4,  is  well  arranged  for  this  test.     It  consists  of 
^  series  of  graduated  tubes,  of  white  glass,  each  27.5  cubic  meters 
^^ng,  15  millimeters  in  diameter,  and  graduated  to   hold   30  cubic 
<^^ntimeters  divided  in  one-fifth  cubic  centimeters.     The  back  plate 
^f  the  apparatus  is  of  white  porcelain,  23.5   cubic  meters  wide,  27 
^ubic  meters  high,  and  3  millimeters  thick,  and   I  have  found  it 
niuch  better  than   the   various  cameras   to   obtain    correct   com- 
parisons of  colors   of   solutions   in   the   different   tubes.      Three 
standard  steels  are  required,  one  containing  i. 000  per  cent,  com- 
bined carbon,  for  tool  steels,  etc.,  one  containing   .400  per  cent, 
^rbon,  for  tires,  rails,  etc.,  and  0.200  per  cent,  carbon,  for   soft 
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steels;  these  percentages  of  carbon  having  been  very  accurately 

determined  by  combustion 

The  process  s  as  follows     200  gramme  of  the  standard  steel 
is  transferred  to  one  of  the  graduated  tubes  4  cubic  centimeters  of 


nitric  acid  (specific  gravity  1.20)  added,  and  the  tube  placed  in  cold 
water  to  prevent  too  energetic  action  of  the  acid.  After  a  few 
minutes'  interval  the  tube  is  placed  in  warm  water,  and  the  latter 
gradually  raised  to  the  boiling  point  and  maintained  at  that  tem- 
perature about   2o  minutes.     The  sample   of  steel,  in  which  the 
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amount  of  carbon  is  unknown,  is  treated  in  a  similar  manner,  using 
tbe  same  amount  of  steel  and  acid. 

Suppose  the  standard  steel  contains  0.84  per  cent,  of  carbon,* 
tbe  solution  in  the  tube  is  diluted  with  water  to  16.8  cubic  centi- 
meters. Each  cubic  centimeter  therefore  contains  o.oooi  gramme 
of  carbon.  Suppose  that  upon  dilution  of  the  test  sample  solution 
to  14  cubic  centimeters,  and  placing  the  two  tubes  side  by  side  in 
the  frame  (Fig.  4),  that  the  test  sample  is  somewhat  stronger  in 
color  than  the  standard  sample;  upon  diluting  it,  however,  to  15 
cubic  centimeters  it  is  slightly  lighter  in  color.  This  would  indi- 
cate that  the  unknown  or  test  sample  contains  more  than  .70  per 
cent.  (.1  X  y)  of  carbon,  but  less  than  0.75  per  cent.  (.1  x  V). 
The  steel  can  thus  be  assumed  to  contain  .73  per  cent,  carbon. 

The  use  of  Eggertz'  color  test  for  combined  carbon  requires 
that  steels  should  have  been  subjected  to  similar  physical  treat- 
ment to  that  to  which  the  standard  steels   had   been   subjected 
in  order  to  secure  accurate  results.      A  steel  shows  less  carbon,  by 
color,  when  hardened  than  when  unhardened,  and  less  unannealed 
than  when  annealed.     Several  modifications  of  the  process  have 
been  submitted  by  various  chemists,  but  they  offer  no  special  ad- 
vantages.    Stead  (Chemical  News,  47,  p.  285)    renders  the  nitric 
acid  solution   of  the  steel  alkaline  with  NaOH,  which  dissolves 
the  carbon,  producing  a  solution  about  2^  times  stronger  in  color 
than  the  solution  in  nitric  acid.     The  precipitated  iron  oxide  is  fil- 
tered off,  and    a    measured   quantity  of    the   colored   filtrate   is 
transferred   to  a  Stead's  chromometer  and   the  color  compared 
•^ith  a  standard  steel  under  similar  conditions.     Except  where  the 
^*xbon  is  present  in  minute  quantity  only  is  this  process  of  any 
^^  vantage  over  the  Eggertz  method. 

The  following  references  have  been  selected  as  of  value  upon 
is  subject: 

A.  H.  Elliott's  modification  of  Rogers'  process  {Journal  of  the 
mical  Society y  May,  1869). 

*  Trolius. 


320  Determination  of  Carbon  in  Iron  and  Steel, 

"  Determination  of  Combined  Carbon  in  Steel  by  the  Colori- 

« 

metricMethod/'by  J.  BlodgetBritton(C^^/«/Va/-A^«£/j,XXVI.,p.  139). 

*•  On  the  Estimation  of  Carbon  in  Pig-Iron,"  by  Charles  H. 
Pierse  (Chemical  Ntivs^  XXVIII.,  p.  199). 

"  Colorimetric   Carbon   Estimation,"    by    Fred    P.   Sharpie's^ 
{^Journal  of  Analytical  Chemistry^  II.,  p.  55). 

"A   Funnel   for   Filtering  Carbon,"    by   Thomas  M.  DroWim 
(Journal  of  Analytical  Chemistry ^  II.,  p.  330). 

"Determination  of  Carbon  in  the  Irons  of  Commerce,"  by  L. 
Blum  (Chemical  News ^  LX.,  p.  167). 

"  Determination  of  Carbon  in  Iron  and  Steel,"  by  L.  L.  de 
Konick  (Zietschrift  fur  Analytische  C hemic ^  1888,  p.  463). 

**  A  New  Form  of  Apparatus  for  Determination  of  Carbon  in 
Steels  by  Color,"  C.  H.  Risdale  (Journal  of  the  Society  of  Chemical 
Industry,  V.,  p.  583). 

**  International  Standards  for  the  Analysis  of  Iron  and  Steel " 
(Journal  of  Analytical  Chemistry^  IV.,  p.  402). 

"Notes  on  Carbon  in  Experimental  Standards,"  by  P.  W. 
Shimer  (Journal  of  Analytical  Chemistry,  IV.,  p.  129). 

"  The  Determination  of  Carbon  in  Steel,"  A.  A.  Blair 
(Journal  of  Analytical  Chemistry^  V.,  p.  121). 

"Researches  on  the  Carbon  of  White  Cast  Iron,"  Isherwood 
(Engineer,  XLIV.,  p.  461). 

"  Determination  of  Combined  Carbon  in  Cast  Iron  and  Steel," 
Townsend  (Proceedings  of  the  Engineers'  Club,  Philadelphia,  Pa., 
IL,  p.  31). 

"  Determination  of  Carbon  in  Iron  and  Steel,"  Zabudsky 
(Ber.  Chem,  Ges.,  XVI,  p.  2318). 

"  The  Colorimetric  Determination  of  Combined  Carbon  in 
Steel,"  Alfred  E.  Hunt  (Transactions  of  the  American  Institute  of 
Mining  Engineers,  XII.,  p.  303). 

"Apparatus  for  the  Determination  of  Carbon  in  Iron  and  Steel 
by  Measurement  of  the  Evolved  COg,"  Reinhardt  (Stahl  und 
Eiscn^  XII.,  p.  648). 
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"The  Determination  of  Carbon  in  Iron  and  Steel,"  C.  B. 
ladley  and  F.  N.  Pease  {The  American  Engineer  and  Railroad 
^^Mdrnal^  LXVII.,  p.  347). 

"A  Method  for  the  Determination  of  Carbon  in  Steel,"  Frank 
J\xlian  ijfournal  of  Analytical  Chemistry y  V.,  p.  162). 


A  CHEMICAL  CURIOSITY. 


ALCIUM  CARBIDE.      Among   the  various  uses  to  which 
electricity  has  been  put,  since  its  cheap  production  by  the 
em    "dynamo"   has    been     secured,   is    the     reduction     of 
-tallic  ores  or  compounds  in  one  or  another  form  of  the  "electric 
fiir-nacc." 

The  production  of  alluminum  on  a  large  commercial  scale  is 
^H^    oldest  and  best  known  of  these. 

There  are,  however,  several  cases  in  which  the  separation  of 

^^^     single  element  is  not  secured  even  in  the  electric  furnace,  but 

^^  '^hich  the  element  desired,  while  parting  with  its  former  com- 

P^^ions,  insists  upon  a  substitute,  and  takes  the  same  from  the 

^^^t>on  electrodes  or  lining  of  the  furnace,  or  from  carbon  mixed 

^^tb  it. 

This  is  the  case  in  the  manufacture  of  "carborundum,"  which 

^^  a  compound  of  silicon  and  carbon,  formed  by  heating  silica  and 

^^rbon  powder  in  an  electric  furnace.     This  compound  has  reached 

^  large  commercial  application,  by  reason  of  its  extreme  hardness, 

^^ich  makes  it  a  very  superior  substitute  for  emery  or  corundum, 

^s  21  cutting  and  polishing  material. 

The  latest  development  in  this  direction,  however,  is  seen  in 
^^e  calcium  carbide,  which  is  prepared  by  heating  in  an  electric 
furnace  a  mixture  of  lime  and  coal  dust. 
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The  metallic  calcium  liberated  by  the  action  goes  at  once  int 
combination  with  carbon  to  form  a  carbide,  which  is  a  mineral  bod^ 
of  remarkable  properties.     In  appearance,  when  in  masses,  it  som 
what  resembles  the  mineral  serpentine,  being  of  a  greenish  grajC- 
color  and  crystalline  fracture,  with  a  luster  like  feldspar.     If  a  fe 
drops  of  water  are  thrown  on  this  mass  of  seeming  rock,  gas  i^ 
given  off,  which,  if  ignited,  burns  with  a  brilliant  flame;  and,  by  con- 
tinuing, from  time  to  time,  to  sprinkle  the  rock  with  water,  it  wilE' 
be  made  to  blaze  continuously  as  though  it  was  being  sprinkle 
with  some  very  volatile  and  inflammable  oil. 

If  a  fragment  of  the  mineral  is  thrown  into  a  glass  of  water,  a 
rapid  evolution  of  gas  results,  which  may  be  ignited,  and  will  con- 
tinue to  burn  until  the  mineral  is  exhausted.  ^  ^ 

The  cause  of  these  actions  is  that  the  calcium  carbide  in  con-  <^ 

tact  with  water  forms  calcium  oxide  and  acetylene  gas,  the  oxygen  "1 

of  the  water  combining  with  the  calcium  to  form  calcic  oxide,  or  * 

lime,  and  the  hydrogen  of  the  water  combining  with  the  carbon  to 
form  acetylene. 

It  is  proposed  to  use  this  calcium  carbide  for  local  gas 
machines.  A  charge  of  the  mineral  is  placed  in  a  closed  vessel 
into  which  a  regulated  supply  of  water  is  admitted.  A  little  water 
entering  forms  a  quantity  of  gas  whose  pressure  shuts  off  the 
water;  but,  as  the  gas  is  used  up,  more  water  comes  in  to  renew 
the  supply. 

What  may  be  the  commercial  value  of  this  material  we  are  not 
prepared  to  say,  but  it  is  certainly  a  great  chemical  curiosity. 

H.  M. 


HXPERIMENTAL    DETERMINATION    OF    THE    QUICKNESS 
OF  ACTION  OF  A  SHAFT  GOVERNOR,  AND  THEO- 
RETICAL   CONSIDERATION    OF    THE     IN- 
FLUENCE OF  AN  INERTIA  WEIGHT. 


BY    PROF.    D.    S.    JACOBUS* 


THE   experiments  to  determine  the  quickness  of  action  were 
made  on  a  Ball  &  Wood  engine  at  the  Stevens  Institute  ot 
^^echnology.      They    consisted    of    automatically    recording    the 
sp>iral  paths  traveled  over  by  the  governor  balls,  as  they  moved 
ID  one  position  to  another  under  various  changes  of  load.  These 
periments  show  that  the  time  to  effect  an  adjustment  of  the 
^vernor  from  one-half  load  to  no  load  is  the  same  as  from  full 
^c>^ci  to  no  load;  and  that  if  the  governor  is  set  just  at  the  point  of 
**  ^1  unting,"  so  that  the  springs  are  at  the  full  theoretical  tension, 
^^^    time  required  to  adjust  from  one  load  to  another  is  about  the 
^^ri-ie  as  the  time  required  when  the  springs  are  set  so  that  the 
^P^ed  of  the  governor  is  considerably  below  that  for  a  correct  ad- 
3^stment.      In   other   words,   the  governor   will   regulate   just   as 
^uiokly  when  the  springs  are  set  so  that  it  is  in  very  stable  equilib- 
^^^rn  as  when  set  so  that  the  governor  is  just  at  the  point  of  un- 
^^^b>le  equilibrium 

*The  general  mechod  of  conducting  the  experiments  on  the  quickness 

^'  action  was  presented  at  the  meeting  of  the  American  Association  for 

^•^^  Advancement  of  Science  held  at  Madison,  Wis.    The  present  paper  is 

^ostracted  from  a  discussion  presented  by  the  writer  at  the  last  meeting 

^^  the  American  Society  of  Mechanical  Engineers  at  Montreal,  Canada, 

^^  a  paper  by  Mr.  Albert  K.  Mansfield,  entitled  •*  Notes  on  the  Theory 

Qi  Shatt  Governors,"  which  will  appear  in  Volume  XV.  of  the  Transac- 
tions^ 


3»4 


Exptrimtnlal  DfUrmination. 


A  theoretical  consideration  of  the  action  of  an  inertia  weight 
shows  that  it  may  be  attached  to  a  governor  in  such  a  way  as  to  re- 
tard instead  of  accelerate  the  speed  of  adjustment,  not  withstand!  ng- 


iB]  par  mlantc.    Dub-pot 


the  fact  that  the  force  which  a  change  of  velocity  tends  to  produce 
in  the  weight  is  in  the  proper  direction  to  effect  an  adjustment. 

In  the  actual  experiments  the  spirals  are  not  taken  directly 
from  the  governor  balls,  but  they  are  taken  from  the  center  of  the 


valve  eccentric,  which,  being  nloved  by  the  governor  itself,  repre- 
sents the  movement  of  the  governor  after  proper  corrections  are 
!.     Figures  I,  3,  s,  7,  and  9  show  these  spirals. 
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The  indicator  cards  shown  in   Figs.  2,  4,  6,  8,  and  10  repre- 
sent the  steam  distribution  before  and  after  the  load  is  thrown 


u  16}  par  mlDUM. 


„  la  vit-  3.  wltt>  Ib"  vaiiatloa  ot  load 
tbao  thai  corra'DondlDg  to  Pl^.  >  8«< 
Indicator  cards  Noi.  1  and  «. 


ofif,and  Fig.  11,  the  average  indicator  card  after  throwing  off  the 
load.  By  counting  up  the  number  of  the  coils  of  the  spirals  in  Figs. 
3.  J,  etc.,  we  obtain  the  exact  number  of  revolutions  required  for  the 


,  Fig,  i.~liidl««tot  card!  takea  balot*  rtmoTlDg  tbe  lovl  and  traclor  tbs  >pita1 

governor  to" move  from  one  position  to  the  other,  and  in  this  way 
"e  find  the  amount  of  time  required  to  make  an  adjustment. 

There  were  two  sets  of  curves  obtained  in  the  experiments, one 
with  a  dash-pot  on,  and  one  with  the  dash-pot  off.     For  the  present 
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discussion  we  will  only  consider  those  obtained  with  the  dash-pot 
removed,  which  are  those  represented  in  the  figures.  The  curves 
show  that  the  time  to  effect  the  adjustment  is  accomplished  in  all 
cases  in  about  1%  revolutions. 


Let  us  now  consider  the  so-called  inertia  effect.  It  may  be 
demonstrated  that  if  we  add  an  inertia  weight,  or  an  inertia  wheel, 
in  the  way  that  it  is  represented  in  the  last  figure  of  Mr.  Mansfield's 


tDal  eovgnior  ti  lo  na 
Nodasb-poL  Ravolntioi 


than  thkt  carre|^iid[i]K.  Co  Plf.  g 
Indicator  cards  Flga.  8  and  10. 


paper  (see  Fig.  n),  we  may  retard,  instead  of  accelerate,  the  action 
of  the  governor.     Mr.  Mansfield  has  staled  that  for  a  large  flywheel 
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the  inertia  weight  produces  very  little  accelerating  effect,  whereas  it 
may  be  readily  demonstrated  that  if  wrongly  applied  it  will  have  a 
retarding  action,  so  that  a  governor  with  an  inertia  weight  would 
r'equire  a  longer  lime  to  move  from  one  position  of  adjustment 
to  another  than  it  would  with  the  weight  removed. 

No  experiments  were  made  on  the  inertia  weight,  but  the  action 
of  the  inertia  weight  may  be  readily  solved  in  an  approximate  way, 
i  ml  which  all  the  errors  involved  will  be  against  the  fact  finally 
cmonstrated,  which  is  that  an  inertia  weight  may  be  put  on  so  as 
D  retard  the  action  of  the  governor,  notwithstanding  the  fact  that 


..      Pig.  8.— Indicator  cards  taken  before  removing  the  lead  and  tracins:  the  spiral 

^"e  force  which  a  change  of  velocity  tends  to  produce  in  it  is  in  the 
proper  direction  to  effect  an  adjustment. 

Let  us  consider  the  case  where  the  inertia  weight  is  a  loose 
"yvrheel,  as  represented  in  Fig.  12.     Assume   that  the  loose   fly- 
^'^eel  had    60   degrees   angular  movement,  which  conforms  with 
^^sesof  actual  construction,  and  determine  the  amount  of  variation 
^^  speed  that  would  have  to  take  place  if  the  loose  flywheel  moved 
through  its  extreme  range  in  one,  two,  three,  and   four  revolutions 
of  the  engine  shaft.     If  moved  through  the  entire  range  in  one  rev- 
olution, the  speed  of  the  flywheel  would  have  to  vary  33^3  per  cent, 
'n  order  that  the  governor  should  move  through  the  extreme  of  its 
^^nge  of  60  degrees.       This  is  on  the  assumption  that  the  flywheel 
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2  X  6c 
is  uniformly  accelerated,  in  which  case  we  have  — - —  =  33jkS  per 

cent.     If  moved  through  the  extreme  range  in  two  revolutions,  the 
speed  would  have  to  vary  33^  -f-  2  =  17  per  cent.     In  three  rev- 


Pio.  la— Indicator  cards  tak«n  before  removing  the  load  and  traeinR  the  spiral 
shown  In  Pifi:.  9. 

olutions  it  would  have  to  vary  11  per  cent.,  and  in  four  revolutions 
8  per  cent. 

Taking  the  case  of  the  Ball  &  Wood  engine,  in  which  these 
diagrams  were  obtained,  we  can  readily  determine  how  much  an 
inertia  wheel,  placed  loosely  on  the  shaft,  would  move  backwards 


PlO.  It.— Average  indicator  cards  taken  after  removing  the  load  from  the  engine 
and  tracing  the  spirals  represented  in  the  figures.  Scale  of  all  cards  =  40  pounds  per 
inch. 


for  each  revolution  if  the  load  driven  by  the  engine  is  suddenly 
removed.     Assuming  that  the  whole  effect  of  the  steam  acts  on 
the  engine  after  the  load  is  removed,  we  may  determine  the  mini- 
um time  required  to  move  the  inertia  wheel   through  a  given 
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angle,  or  the  maximum  angle  that  the  inertia  wheel  will  move 
through  per  revolution  of  the  flywheel  shaft. 

If  the  inertia  wheel  were  used  in  the  ordinary  way  the  resist- 
ance of  the  valve  would  tend  to  increase  the  time  required  to  effect 
an  adjustment.  The  point  of  cut-off  would  also  be  earlier  at  each 
successive  stroke  after  the  load  was  thrown  off,  which  will  also 
increase  the  time  of  action,  so  that  it  would  be  greater  than  the 
minimum  time  determined  by  assuming  the  entire  effort  of  the 
steam  to  act  on  the  flywheel  as  already  described. 


In  the  case  of  the  Ball  &  Wood  engine  there  are  two  flywheels, 
each  5  feet  in  diameter,  and  their  combined  weight  is  equivalent  to 
about  1,600  pounds  at  the  rim.  The  cylinder  is  loxii  inches,  and 
the  engine  is  rated  at  50  horse-power,at  300  revolutions  per  minute. 
If,  while  running  at  50  horse-power,  the  load  is  suddenly  removed, 
the  gain  in  speed  per  revolution,' as  calculated  by  Rankine's  form- 
ula, and  assuming  no  diminution  in  the  indicator  card^,  is  1.8  per 
cent.  The  movement  of  a  loose  flywheel  for  this  variation  of  speed 
would  be  0.018  X  360  -j-  2  =  3.2  degrees.     For  two  revolutions  the 
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movement  would  be  3.2  x  4  =  13  degrees.  For  three  revolutions 
the  movement  would  be  3.2  x  9  =  29  degrees;  and  for  four  revolu- 
tions, 3.2  X  16  =  51  degrees.  Therefore,  if  the  entire  power  of 
the  engine  were  employed  to  accelerate  the  flywheel,  the  amount  of 
movement  of  the  loose  wheel  would  be  51  degrees  in  four  revolu- 
tions. 

We  have  not,  as  already  stated,  considered  the  eflFect  of  the 
action  of  the  valve  mechanism  in  retarding  the  velocity  of  the  loose 
wheel,  or  of  the  diminution  of  acceleration  of  the  flywheel  on  ac- 
count of  the  reduction  of  work  in  the  cylinder  at  each  successive 
revolution  after  the  load  is  suddenly  removed.  Both  of  these 
effects  would  tend  to  retard  the  quickness  of  action  of  the  loose 
wheel  so  that  a  less  angle  would  be  moved  through  than  is  indicated 
by  the  calculations. 

For  3)^  revolutions  the  maximum  angle  that  the  loose  wheel 
could  move  through  is  3.2  x  3.5  X  3.5  =  39  degrees.  The  exper- 
iments demonstrated  that  the  governor  moved  over  the  extreme 
range  in  3)^  revolutions,  so  that  if  an  inertia  wheel  having  an 
angular  movement  of  over  39  degrees  were  used  in  connection  with 
the  governor  it  would  retard  instead  of  accelerate  its  action. 

The  writer  does  not  wish  to  be  understood  as  speaking  against 
the  use  of  the  so-called  inertia  governor,  because,  if  rightly  applied, 
it  may  hasten  the  adjustment,  and,  combined  with  the  dash-pot  to 
prevent  overtravel,  it  may  be  made  to  combine  quickness  of  action, 
with  stability  and  close  adjustment  of  speed.  If  a  dash-pot  is 
placed  on  a  governor  which  has  but  little  power,  it  retards  the 
action  considerably.  An  inertia  weight  having  a  small  angular 
advance  and  producing  a  powerful  action  of  the  governor  will  prp- 
duce  the  best  results,  and  this  should  be  borne  in  mind  in  designing 
a  governor. 


THE  ICANISMAN   PROCESS  FOR  ROLLING  STEEL  TUBES. 


THE  most  remarkable  discovery  in  mechanics  since  that  involved 
in  the  Giffard  injector  is  presented  in  the  Manisman  process 
for  rolling  steel  tubes. 

By  this  process  a  hot  steel  billet  is  passed  in  between  two 
conical  rolls  set  with  their  axes  at  a  small  angle  to  each  other,  and 
comes  out  on  the  other  side  as  a  tube  with  uniform  walls,  without 
the  use  of  a  mandril  or  anything  else  to  make  the  central  opening. 
This  process  in  fact  realizes  the  familiar  Hibernian  description 
of  the  means  of  making  a  cannon:  ''  You  take  a  hole  and  cast 
metal  round  it." 

In  the  Manisman  process  it  seems  as  if  a  hole  were  taken  to 
serve  as  a  mandril  and  the  steel  were  rolled  on  it  into  a  tube. 

So  far  as  the  process  admits  of  a  popular  explanation,  the 
following  would  seem  to  be  the  best  that  can  be  given. 

If  an  uniform  bar  of  steel  be  stretched  lengthwise  it  will 
gradually  thin  down,  by  the  yielding  of  the  surface  layers,  until  it 
breaks. 

If,  however,  the  bar  be  much  harder  on  its  surface  than  in  its 
interior,  then  the  interior  layers  or  substance  will  yield  first,  de- 
veloping a  cavity  along  the  axis  of  the  bar. 

It  may  be  supposed  that  the  first  effect  of  the  rolls  on  the  hot 

billet  is  to  harden  its  surface,  and  then  the  elongating  strain  causes 

^   Parting  of  the  interior  portions  and  the  formation  of  a  tube. 

^^bes  made  in  this  way,  from  the  size  of  a  knitting  needle  to  a  di- 

^oaeter  of   lo  inches,  were  exhibited  at  Chicago  last  year. 

If  a  billet  is  drawn  down  beforehand  at  its  ends  and  at  one  or 
^ore  points  in  its  length,  to  the  diameter  which  it  would  have  after 
passing  the  rolls,  the  result  will  be  to  produce  a  tube  closed  at  both 
^^ds  and  wherever  else  the  billet  was  drawn  down. 

The  tube  in  this  case  must  be  vacuous  except  so  far  as  it  may 
contain  gases  extracted  from  the  steel  during  the  rolling  process. 

H.  M. 
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Silver  Mining  in  South  Amekica. — **  The  silver  ore  de- 
posits of  the  famous  district  of  Cerro  de  Pasco,  in  South  America, 
were  discovered  in  1630  by  Huari-Capcha,  an  Indian  shepherd, 
and  in  the. early  part  of  its  history  the  district  yielded  enormous 
riches.  The  records  from  1784  to  1S46,  excluding  five  years, 
1821-25,  during  which  civil  war  prevailed,  show  a  product  of 
2,323,526  pounds  of  silver,  and  the  value  of  the  total  product  since 
the  discovery  may  be  estimated  at  about  $565,000,000. 

"  The  town  of  Cerro  de  Pasco  is  in  the  province  of  the  same 
name,  in  the  department  of  Junin,  Peru,  14,250  feet  above  sea  level. 
The  nearest  railway  station  is  on  the  line  of  the  Callao  and  Cerro 
de  Pasco  Railroad,  at  a  distance  of  about  three  days'  travel  on 
horseback.  The  population  of  the  town  numbers  about  6,000, 
mostly  native  Indians.  The  mines  are  mainly  located  in  the 
immediate  neighborhood  of  the  town,  and  partly  even  under  the 
principal  streets,  being  distributed  in  several  very  large  open  cuts, 
250  to  350  feet  deep,  called  tajos,  which  extend  in  a  nearly  direct 
north  and  south  line  west  of  the  town. 

"The  claims  in  the  tajos  are  30  by  60  varas  (i  vara  =  ^^ 
inches)  in  size.  Those  not  located  in  the  tajos  are  100  by  200 
varas.  The  close  proximity  of  the  claims  and  the  general  disorder 
underground  are  causes  of  frequent  quarrels  and  litigation.  At 
present  but  little  ore  is  extracted  by  open  cuts,  most  of  the  mines 
being  worked  by  means  of  small,  steep,  and  irregular  inclines,  of 
which  one  entrance  sometimes  serves  for  two  or  three  different 
claims. 

**  The  ores  are  extracted  by  means  of  picks,  and  then  broken  with 
sledges  to  such  a  size  that  they  can  be  placed  in  large  leather  sacks 
holding  from  75  to  150  pounds  each,  and  carried  out  to  the  dump. 
In  places  where  the  ground  is  exceptionally  hard,  drills  and  powder 
or  dynamite  are  used.  Hoists  or  whims  are  not  used,  all  the  ores 
being  taken  to  the  surface  by  carriers.     After  the  ores  have  been 
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<]eposited  on  the  dump,  they  are  separated  into  three  classes,  called 
<zhancados  (ores  spalled  to  a  uniform  size),  cernidos  (sifted  ores 
remaining  on  a  J^  or  ^-inch  screen),  and  llampu  (the  finest  pass- 
ing the  screen).  The  last  class  contains  but  two  marcos  (i  marco 
=  7.5  ounces)  of  silver  per  cajon  (6,000  pounds),  and  is  rejected. 
^Jhe  first  and  second  classes  are  measured  separately  in  rudely 
constructed  boxes,  three  of  which  are  considered  as  a  cajon;  and 
the  ore  is  ready  to  be  sold  the  amalgamating  works,  or  haciendas, 
3S  they  are  called  in  Spanish. 

•*  The  ores  of  the  district  from  which  by  far  the  greatest  portion 
of  silver  is  obtained  are  oxidized  surface  ores,  called  pacos,  con- 
taining some  silver  in  its  native  state.  By  long  experience  the  miners 
are  able  to  judge  the  quality  of  the  ore  by  its  appearance,  though 
often  the  differences  are  very  slight.     Frequently  lots  of  ore  are 
purchased  by  the  millman  without  any  special  test,  he  being  guided 
alone  by  the  appearance  of  the  ore  and  his  previous  experience 
with  it.     Pacos,  at  present,  vary  from  4  to  8  marcos  per  cajon. 
Ores  having  less  than  4  marcos  are  worthless,  as  4  marcos  will  just 
pay  expenses.     In   general,   the   ores  sold   contain   from   5  to  6 
marcos  per  cajon  of  silver,  or,  say,  from  12^  to  15  ounces  per  ton. 
"The  ore  is  transported  from  mine  to  mill  with  llamas  or 
donkeys,  the  former  taking   100  pounds  and  the  latter  200  to  300 
pounds  at  a  load. 

*  *  ♦ 

"Labor  at  the  mines  is  almost  entirely  done  by  native  Indians, 
or  peons,  and,  whenever  possible,  it  is  done  by  contract,  so  that  a 
'^an  can  earn  a  little  more  than  at  day's  wages,  which  average  from 
5"  to  60  cents  per  day.  One  of  the  difficulties  with  the  peons  is 
their  great  fondness  for  alcoholic  stimulants,  which  is  generally 
indulged  in  toward  the  end  of  the  week  by  consuming  large  quan- 
^Jtiesof  chacta,  a  liquid  distilled  from  the  juice  of  the  sugar-cane. 
Hence,  but  little  work  is  done  on  Fridays  and  Saturdays. 

i|e  a|(  « 

"The  present  low  price  of  silver  must  be  a  great  hardship  to 
Cerro  de  Pasco,  which  depends  almost  entirely  on  that  metal  for 
Its  existence.  It  is  doubtful  if  any  but  the  very  best  equipped  mills 
can  successfully  meet  the  present  conditions,  as  even  in  more 
favorable  times  many  miners  and   millmen  made  but  a  precarious 
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\\s\xi%r —Otto   F.   Pfordte,   M,   E,    '86,    in    CasselVs     Magazim, 
October  y  1894. 


An  Experiment  with  Lightning  Arresters  on  a  3,000- 
VoLT  Alternating-Currknt  Circuit.—**  Lightning  storms  in 
the  West,  particularly  among  the  mountains  where  water  power 
abounds,  have  up  to  the  present  time  proved  a  serious  drawback  to 
the  successful  operation  of  electric  light  and  power  plants.  In 
some  instances  these  plants  are,  by  reason  of  frequent  and  violent 
electric  storms,  practically  inoperative  during  the  afternoons  of  the 
summer  months,  and  now  that  such  far-reaching  progress  has  been 
made  in  the  construction  of  high-potential  alternating-current 
power-transmission  apparatus,  the  subject  of  protection  against 
lightning  has  become  of  vital  importance.  The  ordinary  devices 
which  provide  automatic  circuit  interrupting  attachments,  and 
which  are  still  used  with  doubtful  success  on  circuits  of  low  poten- 
tials, had  signally  failed  to  do  the  work  required  of  them  on  these 
high  potential  circuits,  and  it  had  become  evident  that  something 
radically  new  was  needed.  During  the  winter  of  1892  and  1893  I 
made  a  searching  investigation  of  this  subject,  experimenting  with 
disruptive  discharges  and  various  kinds  and  combinations  of  ap- 
paratus which  might  promise  advantageous  results,  and  since  that 
time  have  spent  nearly  six  months  in  the  State  of  Colorado — a  land 
of  thunder-storms — testing  the  various  forms  of  apparatus  which  I 
had  designed  as  a  possible  protection  against  lightning,  and  have 
also  made  a  careful  study  of  such  phenomena  as  presented  them- 
selves. This  work  was  carried  out  with  the  determination  to  con- 
struct, if  possible,  some  form  or  combination  of  apparatus  which 
should  practically  shut  out  lightning  discharges  from  the  vital  parts 
of  a  system,  and  thus  greatly  enhance  the  possibilities  of  electric 
power  transmission. 

**  The  general  requirements  of  efficient  lightning  arrester  ap- 
paratus are:  First.  To  provide  discharge  circuits  which  shall 
operate  automatically  and  repeatedly,  and  which  shall  with  certainty 
avoid  dynamo  short  circuits  or  interruption  of  the  system.     Second. 

^-ovide  discharge  circuits,  or  so  install  them  that  they  shall 

ibly  offer  a  certain  path  to  ground  for  disruptive  discharges 

erence  to  any  other  part  of  the  system.     It  follows  also  from 

st,  and  as  a  matter  of  practical   experience,  that  ground  dis- 
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charge  circuits  should  be  short  and  straight,  and  that  ground  con- 
nections should  be  of  the  most  approved  construction. 

**  The  plant  selected  for  the  trial  of  this  apparatus  was  that  of 
the  San  Miguel  Consolidated  Gold  Mining  Company,  of  Telluride, 
Colorado,  which  is  equipped  with  a  3,000-volt  alternating-current 
synchronous  system,  operating  stamping  mills,  and  furnishing  cur- 
rent to  the  Telluride  Electric  Light  Company.  These  points  are 
situated  among  the  mountains  at  distances  varying  from  three  to 
ten  miles  from  the  power-house.  Three  separate  circuits  leaving 
the  power-house  extend  over  a  wild  and  rocky  country,  and  in  some 
places  rise  above  timber  line.  In  previous  years  every  attempt  to 
protect  this  plant  from  lightning  had  failed.  During  the  summer 
months  two  horses  were  kept  constantly  saddled  ready  for  emer- 
gencies consequent  on  lightning  discharges,  and  at  the  motor  and 
power-house  it  was  common  practice  on  the  approach  of  a  thunder- 
storm to  lay  out,  ready  for  instant  use,  an  extra  armature  coil,  with 
all  the  necessary  tools  for  handling  the  same.  In  one  of  the  former 
types  of  arresters  used  in  this  plant  40  fuses  were  blown  inside  of 

60  minutes. 

*  *  * 

"The  net  results  of  this  lightning-arrester  experiment  are  most 
satisfactorily  summed  up  in  the  following  sentence  from  a  letter 
written  to  the  author  by  Mr.  P.  N.  Nunn,  Electrical  Engineer  of  the 
San  Miguel  Consolidated  Gold  Mining  Company. 

V  3|c  :(C 

**  Since  putting  in  your  non-arcing  metal  arresters  in  connec- 
tion with  your  system  of  specially  designed  choke-coils,  we  have 
passed  through  the  lightning  season  of  1893  without  a  particle  of 
lightning  having  passed,  to  our  knowledge,  beyond  the  arresting  ap- 
paratus, without  a  shut-down,  without  the  loss  of  a  coil,  and  with- 
out a  single  perforation  of  insulation." — Alexander  Jay  Wmts, 
Af.  E.y  '84,  Transactions  of  the  American  Institute  of  Electrical 
Engineers. 


Auxiliary  Machinery  of  an  Ocean  Greyhound. — ''Of 
the  throngs  that  annually  surge  back  and  forth  across  the  Atlantic, 
comparatively  few  avail  themselves  of  the  opportunity  of  descend- 
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ing  into  what  seem  grimy  depths  of  their  temporary  floating 
homes — the  engineer's  realm,  where  throbbing  engines,  fiery  fur- 
naceb,  and  monstrous  boilers  unite  their  energies  in  speeding  the 
great  ship  onward.  They  know  that  somewhere  down  below  there 
is  a  maze  of  wonderful  machinery  and  a  small  army  of  faithful 
toilers,  by  no  means  resplendent  in  blue  cloth  and  brass  buttons, 
but  upon  whose  efforts  much  of  their  safety  and  comfort  depends; 
even  the  venturesome  ones,  however,  that  dare  penetrate  into  this 
sphere  of  mysterious  agencies  carry  away  with  them  only  an  inade- 
quate idea  of  all  that  it  contains.  True,  they  have  seen,  in  part  at 
least,  the  mighty  engines,  towering  above  them,  ceaselessly  turning 
ponderous  shafts;  they  have,  mayhap,  even  braved  the  stifling  at- 
mosphere of  the  stokehole,  where  greedy  mouths  of  endless  rows  of 
furnaces  hungrily  yawn  for  coal,  fed  in  by  half-clad  men,  seeming 
imps  of  darkness,  with  ever  busy  shovel. 

"  This  is  but  a  part,  however,  of  what  the  bowels  of  the  great 
ship  harbor.  Of  what  is  known  as  the  auxiliary  plant  of  the  vessel, 
the  visitor  sees  little,  and  impressive  though  his  trip  to  the  lower 
regions  may  have  been,  his  conception  of  the  actual  machinery 
equipment  remains  vague  indeed.  There  are  electric  light  engines 
and  dynamos,  steering  gear  machinery,  refrigerating  apparatus, 
hoisting  engines  and  ventilating  outfits,  and  pumps  in  endless 
array,  mere  mention  of  which  would  be  a  revelation  to  him,  and 
whose  importance,  withal,  is  of  the  first  order. 

'*  Roughly  speaking,  these  auxiliary  appliances  require  for 
their  operation  about  one-tenth  of  the  steam  supply  furnished  to 
the  ship's  main  engines,  representing  the  equivalent  of  from  two  to 
three  thousand  horse-power  on  steamers  of  the  larger  sizes."— 
Henry  L,  Ebsen^  M,  E.^  '89,  ///  Gassier  s  Magazine^  September ^  1894. 


How  Materials  are  Tksted. — "  Even  a  horse  must  show  the 
color  and  character  of  its  teeth  before  it  is  permitted  to  eat  a  new 
master's  oats. 

♦  4:  >|c 

"  When,  however,  products  are  put  to  trial,  the  testing  is  done 
in  two  ways:  Firstly,  to  determine  the  quality  and  properties  of  the 
materials  used;  and  secondly,  to  determine  the  character  or  resist- 
ance of  the  finished  article  made  therefrom.     Thus,  the  plates  and 
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rivets  to  be  used  in  a  boiler  are  tested  at  the  rolling  mills  where  they 
are  made,  and  when  the  boiler  is  complete  it  is  tested  as  a  whole. 

**  Armor-plate  is  first  tested  in  the  mill  to  determine  the  quality 
of  the  material,  and  the  finished  plate  is  subjected  to  the  test  of 
impact  of  ball  or  shell.  Guns,  again,  are  tested  first,  by  testing 
small  pieces  cut  from  the  tube  and  also  the  jacketing  rings,  while, 
when  finished,  they  are  subjected  to  heavy  powder  charges. 

"Sometimes  a  simple  test  may  suffice  to  define  with  absolute 
certainty  the  quality  and  process  of  manufacture  of  the  article, 
although  in  use  the  material  may  not  be  at  all  applied  to  that  indi- 
cated by  the  test — e.  g.,  paper,  in  strips,  tested  by  tension  test, 
especially  that  used  for  bank  notes. 

*•  Enumerating  the  different  kinds  of  tests,  we  find:  i.  The 
tension  test.  2.  The  compression  test.  3.  The  transverse  test.  4. 
The  torsion  test,  5.  The  drop  test.  6.  The  hardness,  or  penetration 
test.  7.  The  abrasion  test.  8.  The  cooking  test.  9.  The  freezing 
test.    10.  The  absorption  test. 

"  All  of  these  have  been  fully  investigated  and  give  entirely 
accurate  and  reliable  results  and  data  of  scientific  value.  There 
are  a  number  of  others,  which,  although  giving  practical  results  in 
the  hands  of  a  trained  operator,  have  not  yet  been  so  thoroughly 
studied  as  to  give  numerical  values  or  comparable  data.  These 
may  be  classified  as:  {a)  The  bending  test,  {b)  The  nicking  test, 
(r)  The  flattening,  or  spreading  test,  {d)  The  shearing  test,  (e)  The 
punching  test.  (/)  The  drifting  test." — Gia  C.  Hennin^^  M.  E.,  '76^ 
in  Gassier  s  Magazitu  for  October^  1894. 


ATHLETICS. 


FOOT-BALL. 

Foot-ball  practice  for  the  season  of  1894  was  begun  on  Wednesday, 
September  19,  one  week  before  college  opened.  The  following  schedule 
of  games  was  arranged  by  Manager  Carter: 

Saturday,  September  29,  Orange  Athletic  Club,  at  Orange. 

Saturday,  October  6,  South  Orange  Field  Club,  at  South  Orange. 

Wednesday,  October  10,  New  Jersey  A.  C,  at  Hoboken. 

Saturday,  October  13,  Crescent  A.  C,  at  Bay  Ridge. 

Wednesday,  October  17,  Rutgers,  at  Hoboken. 

Saturday,  October  20.  Elizabeth  A.  C,  at  Elizabeth. 

Wednesday,  October  24,  New  York  University,  at  Hoboken. 

Saturday,  October  27,  Lafayette,  at  Easton. 

Saturday.  November  3.  Wesleyan.  at  Middletown. 

Saturday,  November  10,  Rensselaer  P.  I.,  at  Troy. 

Stevens  vs.  Orange. — The  season  was  opened  rather  more  favorably 
than  was  expected  on  Saturday.  September  29,  by  a  tie  game,  with  the 
Orange  Athletic  Club  at  Orange,  N  J.  The  Stevens  team  had  not  played 
against  even  so  much  as  a  scrub;  and  everyone  being  aware  of  the  un- 
doubted strength  of  the  Orange  team,  the  result  of  the  game  was  a  sur- 
prise to  both  sides.  There  having  been  some  speculation  as  to  how  the 
new  rules  would  be  enforced,  it  was  gratifying  to  note  that  several 
attempts  at  mass  plays  were  stopped  by  the  umpire,  and  that  punts  and 
drop  kicks  were  seen  more  than  formerly. 

During  the  first  half  the  ball  was  in  Stevens  territory  most  T>f  the 
time.  The  play,  as  a  whole,  was  loose  and  neither  side  scored.  In  the 
second  half  Cuming  made  two  long  runs  around  the  end,  scoring  a  touch- 
down for  Stevens,  and  Fielder  did  the  same  for  Orange.  Both  goals  were 
kicked,  making  the  final  score.  6 — 6. 

The  teams  lined  up  as  follows: 

Stevens  (6).  Orange  (6). 

Chambers  Left  end T.  Kyle. 

Hutchinson Left  tackle Webb. 

Lani^on Left  guard Vaughn. 

Mathey Center Mohor. 

Mayher    Right  guard Hoag. 

Cuming Right  tackle Dailey. 

Schalk Right  end Coyne.  (Capt.) 

Kemble,  (Capt  ) Quarter-back Brett. 

Church Left  half-back   W.  Kyle. 

-lard .Right  half-back King. 

.t Full-back Fielder. 
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The  umpire  was  Mr.  W.  H.  Corbin,  the  referee  Mr.  John  De  Hart, 
and  the  linesman  Mr.  W.  Willet. 

Stevens  vs.  New  Jersey  A.  C. — This  game,  the  first  on  the  home 
grounds,  was  played  on  Wednesday.  October  lo.  and  was  won  ver\'  easily 
by  Stevens  by  a  score  of  28—0. 

The  chief  feature  of  the  game  was  the  splendid  interference  of  Stevens, 
which  the  visitors  found  very  difficult  to  break  up.  Several  runs  of  40 
yards  or  more  were  made  and  Hamilton  once  made  a  run  of  So  yards  after 
catching  the  ball  on  the  kick-o£F. 

The  teams  were  as  follows: 

Stevens  (28).  S,  J,  A.  C.  (o). 

Chambers Left  end Devlin. 

Hatchinson Left  tackle Couch. 

Mayher Left  g^ard Fox. 

Woodward Center Finelli. 

La^non Right  gaard Vogtler. 

Pope Right  tackle Trathen. 

Hamilton Right  end Roderick. 

Kemble Quarter-back Masterson . 

Church Left  half-back Tasmer. 

Cuming Right  half-back Barkley. 

Corbett Full-back Evans. 

Referee.  Mr.  Percy  MacKenzie;  umpire.  Mr.  Lowell;  linesman.  Mr. 
H.  Messimer. 

Stevens  vs.  Crescent  A.  C  — Part  of  the*  Stevens  team  went  to 
Brooklyn  on  Saturday.  October  13.  to  play  the  Crescent  Athletic  Club. 
There  was  a  pouring  rain  all  the  morning  and  the  grounds  were  several 
inches  deep  with  mud,  but  as  the  Crescent  management  insisted  on  the 
game  being  played,  the  teams  wallowed  for  an  hour  or  so  in  the  mud  of 
Eastern  Park,  the  Crescents  scoring  34  points. 

Stevens  vs.  Rutgers. — The  first  game  of  the  Middle  States  League 
was  played  on  Wednesday,  October  17,  when  a  large  number  of  Rutgers 
men  came  to  Hoboken  and  saw  their  team  get  even  with  Stevens  for  their 
defeat  of  last  year.  Rutgers  had  already  defeated  the  strong  Lafayette 
team,  and  in  view  of  the  fact  that  two  Stevens  half-backs  were  on  the  list 
of  injured,  defeat  for  Stevens  seemed  inevitable.  Rutgers  played  a  quick, 
strong  game  and  they  easily  broke  into  the  interference  of  Stevens. 

At  3.45  p.  M.  the  teams  lined  up  as  follows: 

Stevens  (o).  Rutj^crs  (20). 

Hamilton   Left  end Messier. 

Hutchinson Left  tackle Scuckler. 

Mayher .Left  guard Carpenter. 

Woodward Center Mills. 

Langon Right  guard Ram  ev. 

Corbett Right  tackle Dyke.  ' 

Coyne Right  end Mason. 

Kemble Quarter-back Denise. 

Harrison Left  half-back George  Lr.dlow. 

Cuming Right  half-back Gabe  Ludlow. 

Jennings  Full-back Parker. 
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The  referee  was  Mr.  Alexander,  of  Wesleyan.  '87,  the  umpire  Mr. 
Jayne,  of  Princeton,  and  the  linesman  Mr.  Scudder,  of  Rutgers.  *88. 

At  the  kick-off  by  Stevens  Rutgers  secures  the  ball  and  forces  it  down 
the  field  by  center  plays,  when  Stevens  gets  it  by  a  fumble.  Rutgers  gets 
the  ball  again  on  four  downs,  and  forces  it  toward  the  Stevens  goal  by  end 
and  center  plays,  until  George  Ludlow  goes  through  the  center  for  the 
first  touchdown.     Parker  tries  for  goal,  but  fails. 

At  the  kick-off  Stevens  loses  10  yards  by  off-side  play.  Harrison  and 
Jennings  now  gain  20  yards  each,  and  Cuming  30;  the  ball  is  carried  over 
the  line,  but  fumbled  and  a  touchback  made  by  Rutgers.  Cuming  is 
forced  to  retire  on  account  of  a  sprained  shoulder,  Hamilton  taking  his 
place  and  Chambers  going  to  end.  The  ball  is  brought  to  the  25-yard 
line,  and  several  small  gains  made,  when  George  Ludlow  gets  the  ball 
on  a  fumble,  and  is  tackled  by  Hutchinson  after  a  run  of  60  yards. 
Rutgers  now  lo^es  the  ball  on  four  downs  on  the  Stevens  5-yard  line. 
Jennings  punts  against  a  strong  wind  which  carries  the  ball  back  of  the 
goal  line,  where  Scudder  scores  the  second  touchdown  for  Rutgers,  from 
which  Parker  kicks  goal.  Shortly  after  the  ball  is  again  started  time  is 
called,  and  the  first  half  ends  with  the  score:    Rutgers,  10;  Stevens,  o. 

Early  in  the  second  half  Jennings  is  injured,  and  Mathey  takes  his 
place.  In  this  half  Rutgers  makes  two  more  touchdowns  by  steady  center 
work,  goal  being  kicked  from  one  only.  The  half  ends  with  the  final 
score:    Rutgers,  20;  Stevens,  o. 

This  game  gives  Rutgers  the  championship. 

Shortly  after  the  Rutgers  game  it  was  decided  that,  in  view  of  the 
fact  that  four  half-backs,  regular  and  substitute,  were  injured  badly,  it 
would  be  useless  to  attempt  anymore  games,  and  the  team  was  disbanded. 

LACROSSE. 

Preliminary  lacrosse  practice  was  begun  by  Captain  Corbett  on 
Tuesday,  October  23.  A  number  of  new  men  have  been  seen  in  the  field, 
and  the  material  appears  to  be  very  promising. 
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By  mistake,  a  candidate  who  had  received  a  less  number  of  votes  at 
the  annual  election  of  the  Alumni  Association  than  Mr.  De  BonnevilUe 
had,  was  stated  in  the  July  number  of  the  Indicator  to  have  been  declared 
elected  Director  for  two  years. 

The  officers  of  Stevens  Alumni  Association  for  the  current  year  are : 
President,  William  Hewitt,  '74;  Trenton  Iron  Co.,  Trenton,  N.  J. 
First  Vice-President,  Harry  de  B.  Parsons,  '84;  22  William  St.,  New 
York. 

Second  Vice-President,  Adam  Riesenberger,  '76;  Stevens  Institute, 
Hoboken,  N.  J. 

Corresponding  Secretary,  Phillip  E.  Raqu6,  '76;  Times  Building, 
New  York. 

Recording  Secretary,  J.  Day  Flack,  '87;  23  Prospect  St.,  East  Orange. 
N.J. 

Directors  for  two  years: 

Harry  Van  Atta,  *8i;  J.  L.  Mott  Iron  Works,  Mott  Haven,  N.  Y. 
A.  A.  De  Bonneville.  78;  95  Liberty  St.,  New  York. 
Directors  for  on6  year: 

William  H.  Sheldon,  '78;  329  Belleville  Ave.,  Bloomfield,  N.  J. 
Joseph  A.  McElrov,  '87;  143  Liberty  St.,  New  York. 
Alumni  Trustees: 

F.  E.  Idell,  *76;  Havemeyer  Building,  New  York. 
Durand  Woodman,  '80;  80  Beaver  St.,  New  York. 

Prof.  Coleman  Sellers,  E.  D.,  recently  visited  McGill  University 
at  Montreal.  Canada,  and  at  the  invitation  of  the  Faculty  made  an  extem- 
porary address  to  the  students. 

In  this  address  he  pointed  out,  among  other  things,  the  importance  of 
the  modem  method  by  which  in  great  works  the  engineer  outlines  the 
^ork  to  be  done,  but  throws  the  responsibility  of  design  upon  the  engi- 
neering establishments  that  are  familiar  with  each  thing  required,  and 
contrasted  it  with  the  method  of  striking  out  a  new  course  on  his  own  re- 
sponsibility, which  generally  results  in  costly  experiments,  if  not  in  failure. 

During  Professor  Sellers'  visit,  one  of  the  principal  officers  of  the  Uni- 
versity said  to  him  that  he  would  probably  be  interested  to  know  that  in 
conversation  with  several  large  manufacturers,  people  employing  graduates 
from  the  different  technical  schools,  he  had  been  impressed  with  the  favor 
shown  to  graduates  of  the  Stevens  Institute. 
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In  more  than  one  instance  he  had  been  told  that  they  would  prefer  in 
all  cases  a  graduate  of  Stevens  rather  than  one  from  another  school,  not 
only  on  account  of  the  thoroughness  of  their  education,  but  from  the  fact 
that  they  had  evidently  come  away  from  the  Institute  impressed  with  the 
idea  that  they  had  much  yet  to  learn  of  a  practical  character,  while  par- 
ticularly in  regard  to  certain  institutions  their  graduates  had  a  very  con- 
ceited idea  as  to  their  own  fitness  for  work  and  seemed  convinced  that 
there  was  little  left  for  them  to  learn. 

At  the  June  meeting  of  the  Faculty  a  committee  consisting  of  Pro- 
fessor Kroeh  and  Assistant  Professors  Riesenberger  and  Graydon  was 
appointed  to  ascertain  the  opinions  of  our  graduates,  of  other  mechanical 
engineers,  and  of  employers  of  mechanical  engineers,  as  to  the  utility  of 
a  knowledge  of  Spanish. 

The  committee  has  sent  out  circulars  to  all  of  the  alumni  whose 
addresses  are  at  hand,  and  already  a  large  number  of  replies  have  been 
received.  It  is  too  early  to  determine  the  weight  of  the  evidence  thus 
secured,  and  it  is  hoped  that  all  responses  will  be  soon  sent  in. 

At  the  Montreal  meeting  of  the  American  Society  of  Mechanical 
Engineers  the  Stevens  contingent  included.  Professors  Webb  and  Jacobus, 
R.  H.  Rice,  A.  W.  Burchard.'Ss;  W.  E.  SchoeDborn,*87;  H.  C.  Meyer.  Jr., '92. 

Professor  Bristol  exhibited,  at  the  Brooklyn  meeting  of  the  Ameri- 
can Association  for  the  Advancement  of  Science,  a  working  model  of  his 
recording  thermometer  for  closed  spaces.  By  this  simple  apparatus,  the 
temperature  within  an  oven,  flue,  or  other  space  practically  inaccessible  at 
the  time  when  it  is  important  that  the  temperature  be  known,  is  indicated 
in  the  office,  engine-room,  or  any  other  convenient  place;  and  the  changes 
in  temperature  are  continuously  recorded. 

Engineering  of  August  24,  1894,  published  an  article  by  President 
Morton,  descriptive  of  the  pneumatic  pyrometer  and  the  principles  govern- 
ing its  action  ;  and  a  reprint  of  the  article  appeared  in  the  /ournai  of  the 
Society  of  Chemical  Industry  of  September  29. 

The  officers  of  Stevens  classes  and  societies  for  the  current  year,  as 
determined  by  recent  elections,  are  as  follows  : 

'95.  '96. 

President,  W.  H.  Corhett.  President,  B.  C.  Clark. 

Vice-President,  E.  C.  Schmidt.  Vice-President,  Chapin. 

Secretary,  F.  W.  Walker.  Secretary,  H.  Guttin. 

Treasurer,  E.  M.  Harrison.  Treasurer,  Everetsz. 

Historian,  E.  M.  Robinson.  Historian,  C.  H.  Hunt. 

Senators,   E.  Kemble,  D.  D.  Bar-  Link  Editor,  B.  C.  Clark,  in  place 

NUM.  M.  E.  Craft,  A.  Sumner.  of  F.  R.  Harris,  resigned. 

Indicator  Editors,  B.  W.  Jackson 

and  F.  K.  Vreeland. 
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'97; 

President,  W.  E.  Mallaueu. 
Vice-President,  J.  Cromwell. 
Secretary,  R.  C.  Messimer. 
Treasurer.  H.  Anderson. 
Foot-ball  Captain,  G.  Hutch  ins. 
Foot-ball  Manager,  A.  M.  Orr,  Jr. 
Cane  Spree  Committee,  J.  Hunter, 
Lent,  and  G.  D.  Williamson 

President,  R.  C.  Post. 
Vice-President,  F.  D.  Kennedy. 
Secretary,  C.  R.  Heminger. 
Treasurer,  W.  B.  Riitenhoitse. 
Foot-ball  Captain,  R.  McLain. 

the  engineering  society. 

President,  F.  V.  Lawrence,  '95. 
Vice-President,  H.  H.  Maxfield.'qs. 
Secretary,  A.  F.  Ganz,  '95 . 
Treasurer,  F.  R.  Vreeland,  '95. 
Executive   Committee,   P.   Allan, 

*95,  Chairman;   C.   A.   Green- 

idge,  '95;  A.  R.  Hamilton,  '95. 
Membership  Committee,  D.  D.  Bar- 

NUM,  '95;   W.  H.  Corbett,  '95; 

M.  E.  Craft,  '95. 

GLEE   CLKH. 

President,  H.  C.  Messimer,  'y6. 

Secretary  and  Treasurer,  E.  M. 
Harriso.n,  '95. 

Temporary  Leader,  H.  C.  Mes- 
simer, '96. 

ban  TO   CLUB. 

President,  S.  Cooper.  '95. 
Secretary  and  Treasurer,  H.  Har- 
die,  '96. 

The  following  is  the  complete 
office  addresses : 

Allison,    P.    L.,   76   Hancock   St., 

Brooklyn. 
Baker,    F.,   376   Hudson   St.,    Ho- 

boken,  N.  J. 
Bang,  A.  C,  1214  Broadway,  N.  Y. 

City. 


Leader,  D.  Barnim,  '95. 
Assistant  Leader,  R.  C.  Messimer, 

'97. 

mandolin    CLl'B. 

President,  S.  Cooper,  '95. 
Leader,  G.  Kollstede,  '96. 
Secretary  and*  Treasurer,    E.    D. 
Mathey,  '97. 

the  stevens  yacht  cll'b. 

Commodore,  A.  A.  Dal  Molin. 

Vice-Commodore,  B.  C.  Clark,  '95. 

Rear  Commodore,  W.  W.  Ward, '95. 

Secretary,  S.  A.  Hasbrouck,  '95. 

Fleet  Captain,  F.  F.  Overton,  '95. 

Treasurer,  F.  R.  Chambers,  '95. 

Regatta  Committee.  B.  C.  Clark, 
Chairman,  G.  L.  Townsend, 
H.  S.  Stevenson,  J.  B.  Kreis- 
CHER,  and  C.  H.  Hunt. 

Membership  Committee,  C.  T. 
Church,  Chairman,  G.  Koll- 
stede, £.  Kemble,  H.  Backus, 
and  P.  W.  Strong. 

Entertainment  Committee,  P.  A. 
Hasbrouck,  Chairman,  F.  R. 
Chambers,  Jr.,  S.  S.  Yardlev, 
A.  Church,  and  R.  E.  Hall. 

Recruiting  Committee,  S.  A.  Has- 
brouck, Chairman,  W.  W. 
Ward,  B.  C.  Clark,  F.  R. 
Chambers,  Jr.,  and  G.  H.  Hunt. 

Signal  Corps  Inspector,  F.  F. 
Overt(;n. 

Elected  to  Honorary  Membership, 
(t.  Oliver  Isf.i.in. 

Elected  to  Active  Membership, 
S.  H.  Stephenson,  '98. 

list  of  the  Freshman  Class,  with  post- 

Baron,  M.  D.,  107  E.  64th  St.,  N.  Y. 

City, 
Bates,  (J.  H.,  Crawford,  N.  J. 
Blumiiardt,   J.,    31S    E.    86th    St., 

N.  Y.  City. 
Brett,  H.,  Matteawan,  N.  Y. 
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Buckley,  T.  H.,  Tenafly.  N.  J. 
Carpenter,  E.  A.,  171  W.  7th  St., 

N.  Y.  City. 
Church,  W.  D.,  17  Craig  PI.,  Plain- 
field,  N.  J. 
Clark,    J.    W.,    120    Mercer    St., 

Jersey  City. 
Davis,   H.  R.,  16  Fairview  Ave., 

Danbury,  Conn. 
DeLamater,  O.  R.,  424  W.  20th  St., 

N.  Y.  City. 
Doughty,  G.  A.,  710  Putnam  Ave., 

Brooklyn,  N.  Y. 
Dreyfuss,  T.  p.,  Brookhaven,  Miss. 
Evans,  A.  S.,  13  Park  Row,  N.  Y. 

City. 
Frank,  E.  Jr.,  58  William  St.,  N.  Y. 

City. 
Grelle,  E.  C,  South  Orange,  N.J. 
Hackstaff,  J.,   54  Beekman    St., 

N.  Y.  City. 
Halsey,  W.  C.,  286  Bergen  Ave., 

Jersey  City. 
Handloser,  R.  C,  314  E.  119th  St., 

N.  Y.  City. 
Hann,  H.  H.,  Summit,  N.  J. 
Hanshue,    J.    W.,    103     Hill    St., 

Akron,  O. 
Heminger,  G.  R.,  Carlisle,  Pa. 
Heyermann,  C.  F.,  1204  Bloomfield 

St.,  Hoboken,  N.  J. 
Hughes,   R.  S.  G..   166   Hamilton 

Ave.,  Paterson,  N.  J. 
Johnson,  L.  H.,  Box  149,  Summit, 

N.  J. 
Kellogg,  E.  D.,  6  Barclay  St. ,  N.  Y. 

City. 
Kennedy,  F.  D.,  19  W.  74th  St., 

N.  Y.  City. 
KiDD,  G.  F.,  427  Sansome  St.,  San 

Francisco,  Cal. 
KiLGORE,  R.  B.,  224  W.  139th  St., 

N.  Y.  City. 
King,  G. ,  39  Prospect  St..  E.Orange, 

N.J. 
Lane,  F.  E.,  Ave.  A  and  14th  St., 

Bayonne,  N.  J. 


Lewis,  H.  G.,  141  E.  6ist  St..  N.  Y. 

City. 
LiTTLEjoHN,  K.  S.,  Montclair.  N.  J. 
Lunger,  W.  G.,  20  High  St.,  New- 
ark, N.  J. 
McLain,  R.,  53  W.  57th  St.,  N.  Y. 

City. 
Miller,  W.  H.,  66  Montague  St., 

Brooklyn,  N.  Y. 
Moore,  M.  M.,  571  Newark  Ave., 

Elizabeth,  N.  J. 
Murphy,  E.,  Jr.,  19th  St.  and  Boule- 
vard, Weehawken,  N.  J. 
Myers,  A.  C.    1501   Pennsylvania 

Ave.,  Tyrone,  Pa. 
Newell,  H.  E.,  So.  Orange,  N.  J. 
Ode,  R.  ,  24  Charlton  St. ,  N.  Y.  City. 
Petersen,  R.,   247  3d  St.,   Jersey 

City,  N.  J. 
Post,   R.  C,   136  Magnolia  Ave., 

Jersey  City,  N.  J. 
Post,  R.  E.,  112  N.  7th  St.,  Wil- 
mington, N.  C. 
Prince,  D.  deB.,  886  Flatbush  Ave  , 

Brooklyn,  N.  Y. 
RiTTENHOusE,  W.  B.,  410  E.  6th  St., 

Plainfield,  N.  J. 
RoniNsoN,    H.,    367   W.    56th    St.. 

N.  Y.  City. 
Roberts,  L.  J.,  511a  Monroe  St., 

Brooklyn,  N.  Y. 
Sackett,   F.   p.,    177   George  St., 

Providence,  R.  I. 
Sanders,  L.,  Jr.,  168   W.  73d  St., 

N.  Y.  City. 
Schmitt,  J.  A.,  Jr.,  45  Sherman  PL, 

Jersey  City,  N.  J. 
Scott,  R.  S.,  Jr.,  1620  St.  Paul  St., 

Baltimore,  Md. 
Seelv,  F.,  247  W.  69th  St.,  N.  Y. 

City. 
SiDMAN,  A.  G.,  19  Madison  Ave., 

Jersey  City,  N.  J. 
Slawson.  H.  H.,  Purdy's  Station, 

N.  Y. 
Smith,  A.  J.,  Jr.,  99   Mercer  St., 

Jersey  City,  N.  J. 
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Smith,  E.  B.,  Islip,  N.  Y. 

Smith.  P.  H.  F.,  6i  Franklin  St.. 

Morristown.  N.  J. 
SoFio,  Edward C,  31  2d  PI., Brook- 
lyn, N.  Y. 
Stehlin,  J.,  i6a  E.  93d  St..  N.  Y. 

City. 
Stephenson,  S.  H..  New  Rochelle, 

N.  Y. 
Stevens.  R.  H..  150  W.  99th  St., 

N.  Y.  City. 
Strang.  W.  C.,  Yonkers,  N.  Y. 
Underhill,  a.,  107  Harrison  Ave., 

Montclair,  N.  J. 
Van  Saun,  E..  May  wood.  N.  J. 
Walker.  J.  S.,  24  Erie  St.,  Jersey 

City.  N.  J. 


Walker,  M.   P.,    13    Market   St., 

Newark.  N.  J. 
Wainright.    a.    v.,    Manasquan, 

N.J. 
Warner,  C.  1202  Delaware  Ave., 

Wilmington,  Del. 
Welch,  W.  M.,  463  Tompkins  Ave., 

Brooklyn,  N.  Y. 
Welles,  F.  A.,  480  Greene  Ave.. 

Brooklyn.  N.  Y. 
Wester velt,  A.   P.,  Hackensack, 

N.J. 
Wright.  H.,  504  W.  23d  St.,  N.  Y. 

City. 
Yeaton,  S.  C,  Jr.,  210  9th  St.,  So. 

Brooklyn.  N.  Y. 
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//  is  our  endeavor  to  notice  under  this  heading  such  items  of  news 
affecting  graduates  of  the  Institute  as  may  interest  their  ctassmates 
and  friends  among  the  Alumni.  We  are  indebted  to  a  few  members 
for  regular  or  frequent  contributions  of  items  ^  and  wish  to  make  it 
known  that  the  co-operation  of  all  is  most  desirable^  and  will  be 
appreciated.  Managing  Editor. 

•75. 
Adoplh  Sorge  is  Superintendent  of  the  Twelfth  Street  Works  of 
Fraser  &  Chalmers  (Incorporated),  Chicago,  111. 

'76. 

Gus  C.  Henning  is  the  author  of  a  paper  published  in  Gassier" s  Maga- 
zine for  October,  entitled  "How  Materials  Are  Tested,"  in  which  he 
states  and  describes  the  various  kinds  of  tests  to  some  or  all  of  which 
materials  of  construction  are  subjected  in  order  to  determine  their 
quality. 

'78. 

A.  W.  GiKBS  is  Assistant  Mechanical  Engineer  of  Pennsylvania  Rail- 
road, and  stationed  at  Altoona,  Pa. 

Edward  P.  Thompson  announces  that  Prof.  William  A.  Anthony, 
formerly  of  Cornell  University,  and  more  recently  Consulting  Electrical 
Engineer  of  the  Mather  Electric  Co.,  is  now  associated  with  him,  and 
will  take  charge  of  the  engineering  and  expert  work  of  the  nrm.  while 
he  will,  as  heretofore,  superintend  the  procuring  of  patents. 
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Ernest  S.  Cronise,  having  severed  his  connection  with  Henry  R. 
Worthington,  has  opened  an  office  at  17  Broad  Street,  New  York,  where 
he  will  do  a  commission  business  in  iron,  steel,  machinery,  railway  equip- 
ment and  supplies,  giving  particular  attention  to  export  trade. 

Alex.  C.  Humphreys,  with  his  family,  will  reside  for  the  winter  at  12 
Cumberland  Terrace,  Regents*  Park,  London,  N.  W. 

Humphreys  &  Glascow  have  established  their  New  York  office  in  the 
Manhattan  Life  Building,  Broadway,  and  their  European  headquarters 
at  Westminster  Chambers,  9  Victoria  Street,  London. 

'83. 
L.  Strother  Randolph  is  Professor  of  Mechanical  Engineering  in 
the  University  of  Virginia. 

'84. 

H.  de  B.  Parsons  is  Professor  of  Steam  Engineering  at  Troy  Poly- 
technic Institute,  where  he  delivers  lectures  twice  a  week  from  January 
to  June. 

Alexander  J.  Wurts  presented  at  the  meeting  of  the  American  Insti- 
tute of  Electrical  Engineers  in  Philadelphia,  on  May  15,  1894,  an  elaborate 
and  excellently  illustrated  paper  on  '*  Discriminating  Lightning  Arresters 
and  Recent  Progress  in  Means  for  Protection  Against  Lightning." 

'86. 

O.  F.  Pfordte  presented  a  paper  some  time  since  before  the  Ameri- 
can Institute  of  Mining  Engineers  on  *•  The  Cerro  de  Pasco  Mining 
Industry,"  which,  with  additions  by  the  author,  was  published  in  Gas- 
sier'5  Magazine  for  October,  1894,  under  the  title  of  *•  Silver  Mining  in 
South  America."  Extracts  from  this  paper,  which  is  illustrated  by 
numerous  views  of  mining  camps  and  localities  at  Cerro  de  Pasco,  appear 
elsewhere  in  this  issue. 

Edward  D.  Self  received  the  degree  of  Engineer  of  Mines  at  Colum- 
bia School  of  Mines  last  June. 

'87. 

Walter  S.  Dix  is  with  the  Metropolitan  Traction  Company  in  New 
York. 

W.  E.  Schoenborn  has  been  transferred  from  the  Division  of  Metal- 
lurgy, and,  for  the  past  year,  has  been  in  the  Division  of  Steam  Engi- 
neering in  the  United  States  Patent  Office. 

'88. 

Alten  S.  Miller  is  located  with  the  East  River  Gas  Company,  Long 

Island  City,  N.  Y. 

'89. 

Henry  L.  Edsen  has  an  article  in  Gassier  s  Magazine  for  August 
and  for  September  on  the  "  Auxiliary  Machinery  of  an  Ocean  Grey- 
hound." which  serves  to  reveal  to  the  reader,  both  by  text  and  numerous 
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illustrations,  what  is  known  as  the  auxiliary  plant  of  one  of  these  great 
steamers. 

Frederick  Gubleman  has  received  the  appointment  of  Assistant 
Supervising  Engineer  of  the  New  Water-Works,  Allegheny,  Pa.  His  ad- 
dress is  34  Ohio  Street,  Allegheny,  Pa. 

W.  W.  Jackson  and  Miss  Ellen  Winstanley  Halton,  of  Providence, 
R.  I.,  were  married  on  October  31  at  the  residence  of  the  bride. 

Robert  C.  Oliphant  is  with  the  Harvey  Electric  Company,  Newark, 
New  Jersey. 

Henry  J.  Prentiss  is  studying  at  the  College  of  Physicians  and  Sur- 
geons of  the  City  of  New  York,  with  the  Class  of  '95. 

E.  M.  Rosenberg  is  employed  as  draughtsman  by  the  Metropolitan 
Traction  Company,  New  York . 

Ira  F.  Wortendyke  has  been  appointed  Superintendent  of  New  Gas 

Light  Co.,  Janesville,  Wis. 

*9o. 

R.  S.  TwiTCHELL  has  been  appointed  to  the  chair  of  Physics  and 
Chemistry  at  The  Hill  School,  a  well-endowed  and  influential  school  at 
Pottstown,  Pa. 

J.  F.  Westcott  and  wife  sailed  for  England  on  October  10.  His  ad- 
dress remains  269  Front  Street,  East,  Toronto,  Canada. 

'91. 
A.  P.  BoLLER.  Jr.,  is  connected  with  Henry  R.  Worthingtou  Testing 
Department  and  may  be  addressed  care  of  Hydraulic  Works,  Brooklyn, 
N.  Y.,  though  probably  located  for  some  months  to  come  in  St.  Louis.  Mo. 

L.  Griswold  Knux  has  resigned  his  position  with  the  Camden  Iron 
Works  to  accept  that  of  Instructor  in  Mechanical  Engineering  at  Lehigh 
University,  Bethlehem,  Pa. 

Julius  Oelberman  resigned  his  position  with  William  Wharton,  Jr.  & 
Co.,  as  Supervising  Engineer,  last  June,  and  may  be  addressed  at  115 
North  Sixteenth  Street,  Philadelphia,  Pa. 

Arden  Post  is  draughting  for  the  Metropolitan  Traction  Company, 

Xew  York. 

'92. 

F.  H.  McGahie  is  connected  with  the  Maxim  Powder  and  Torpedo 
Company,  whose  factory  is  at  Lower  Squankum,  New  Jersey. 

93. 
Herbert  B.  Cook  is  located  with  the  B.  F.  Sturtevant  Co.,  135  North 
Third  Street,  Philadelphia,  Pa. 

Harold  E.  Griswold  is  employed  as  Inspector  by  Middle  States 
Inspection  Bureau,  58  William  Street,  New  York  City. 

Charles  H.  Merritt,  Jr.,  was  married  to  Miss  Clara  Louise  Meeker 
ou  Tuesday,  October  24,  at  Danbury,  Conn. 
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Mors  O.  Slocum  has  been  transferred  from  the  New  York  house  to 
the  Chicago  works  of  the  Western  Electric  Company. 

•94. 

The  East  River  Gas  Co.,  of  Long  Island  City,  N.  Y.,  has  employed  a 
number  of  Stevens  gpraduates. 

D.  CoRBiN,  Joseph  Cottier,  Oliver  Ellsworth,  C.  C.  Hartpence,  and 
Alfred  Kollstede  are  among  our  alumni  who  have  secured  positions 
with  this  company. 

F.  J.  Angell  is  located  at  the  Pennsylvania   Railroad    shops    at 
Altoona,  Pa. 

H.  D.  Coleman.  Jr.,  is  with  H.  Dudley  Coleman  &  Co.,  manufac- 
turers of  plantation  machinery,  New  Orleans,  La. 

George  W.  Collrs  is  employed  in  the  Pennsylvania  Railroad  shops  at 
Hoboken,  N.  J. 

J.  M.  Cox  has  been  appointed  Assistant  Superintendent  of  the  Read- 
ing Terminal  Station,  Philadelphia,  Pa. 

W.  B.  O.  Field  is  studying  architecture  at  the  **Ecole  des  Beatix 
Arts."  Paris. 

H.  L.  Fridenburg  is  studying  for  the  degree  of  Electrical  Engineer 
at  Columbia  College. 

E.  B.  Gallaher  has  opened  an  office  as  Consulting  Engineer  in  the 
Postal  Telegraph  Building,  New  York. 

William  Gibson  is  located  with  the  Snow  Steam  Pump  Co.  at  Buf- 
falo, N.  Y. 

J.  W.  GiLMORE  is  Assistant  Signal  Engineer  for  the  Hall  Signal  Com- 
pany at  80  Broadway,  New  York. 

W.  A.  Jones  is  draughting  for  Bement,  Miles  &  Co.,  manufacturers  of 
machine  tools,  Philadelphia,  Pa. 

C.  C.  Kenyon  is  with  the  firm  of  Kenyon  Bros.,  manufacturers  of 
woolen  machinery,  at  Raritan,  N.  J. 

John  B.  Klumpp  has  entered  the  service  of  the  United  Gas  Improve- 
ment Co.,  Drexel  Building,  Philadelphia,  Pa. 

F.  M.  Opperman  has  been  appointed  Assistant  Superintendent  at  the 
Works  of  the  '•  Societe  Anonyme  des  Glacies  "  at  Courcelles,  Belgium. 

G.  RosENiuscH  is  in  the  employ  of  the  Sprague  Electrical  Elevator 
Co.,  Postal  Telegraph  Building,  New  York. 

L.  RupRECHT  is  located  with  the  Westinghouse  Electric  and  Manufac- 
turing Co.,  Pittsburgh,  Pa. 

R.    W.    Smith    is    applying    himself    to    sanitary    engineering    at 
Orange,  N.  J. 

R.  E.  Taylor  has  been  appointed  Assistant  Superintendent  of  Motive 
Power,  N.  Y.  &•  N.  E.  R.  R.     His  address  is  Norwood  Central,  Mass. 
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MECHANICAL  INTEGRATORS. 
By  PROF.  J.  BURKITT  WEBB. 

Various  machines  have  been  made  or  devised  to  perform 
arithmetical  and  many  other  mathematical  operations,  and  such 
machines  are  increasing  in  reliability  and  adaptability  to  vari- 
ous uses  with  the  improving  facilities  for  their  cheap  and 
accurate  manufacture. 

Such  machines  fall  into  several  classes  distinguished  by 
i'adical  differences,  one  of  the  most  evident  of  which  is  that 
between  machines  with  a  continuous  and  those  with  a  discon- 
t mucus  motion. 

Machines  with  discontinuous  motion  are  suited  to  problems 

'  '^    ^which  the  quantities  to  be  operated  upon  are  given  in  numer- 

'^^^il  form,  which  is  practically  discontinuous,  becoming  continu- 

^^  '-1 55  only  on  the  supposition  that  the  decimal  places  are  extended 

^^^     infinity.     In  this  class  belong  the  great  variety  of  Calculating 

^^^^hincs,  the  results  as  well  as   the   given    quantities   being 

'^  ^-^  ^^erical  and  therefore  discontinuous.     Toothed  wheels  enter 
1 

""^•"^ely  into  the  construction  of  machines  of  this  class. 

Machines  with  continuous  motion  are  suited  to  problems 

^^'^'^^n  in  geometrical  form,  which  is  essentially  continuous.     In 

^  ^5^  class  belong  a  variety  of  Integrating  Machines  or  Mtchan- 

^  ^^^  Integrators,  or  Integraphs,  capable  of  performing  with  con- 

"^^vrrable  accuracy  more  or  less  complicated  operations  of  the 

^Icigral  Calculus,  or,  in  other  words,  of  adding  together  nie- 

*^*inically  an  infinite  number  of  infinitesimal   elements  into  a 
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finite  result.  These  results  are  obtained  in  continuous  form, 
though  they  are  then  usually  made  discontinuous  to  facilitate 
the  numerical  record  thereof.  The  transmission  of  motion  by 
friction  wheels  or  surfaces  is  generally  a  characteristic  feature 
of  such  machines. 

The  simplest  Mechanical  Integrator  is  one  for  measuring 
the  lengths  of  lines  by  rolling  a  measuring-wheel  of  known  cir- 
cumference  over  them.  It  is  especially  useful  on  irregularly 
curved  lines  whose  length  cannot  be  found  by  the  application 
of  ordinary  measuring  rods  or  tapes.  This  instrument  appears 
in  a  variety  of  forms,  one  of  the  oldest  of  which  is  the  wheel 
used  by  blacksmiths  for  measuring  the  lengths  of  tires.  The 
measurements,  as  seen  upon  the  wheel,  are  in  the  continuous 
form,  but  if  they  are  recorded,  or  read,  from  the  wheel  in  numer- 
ical form  they  are  thus  made  discontinuous.  The  Odometer, 
or  road-measurer,  is  another  common  form  of  Linear  Integrator, 

A  more  complicated  instrument  is  used  for  the  measure- 
ment of  areas,  principally  plane,  though  some  of  them  can 
measure  curved  surfaces.  Instruments  for  this  purpose  have 
been  constructed  in  a  variety  of  ways,  more  or  less  complicated, 
but  the  end  can  be  obtained  by  means  comparatively  simple,  as 
IS  done  in  Amsler's  Planimeter,  which  will  be  discussed  at  some 
length,  and  which  is  the  most  important,  reliable  and  useful 
instrument  of  its  class. 

Various  other  integrators  of  more  complicated  construction 
are  used  for  evaluating  more  complicated  integrals,  and  some 
of  these  arc  of  practical  importance.  Thus,  instruments  are  now 
in  use  for  measuring  the  statical  moment  and  moment  of  inertia 
of  an  area,  which  give  good  results  and  are  not  too  complicated. 

All  such  instruments,  however,  presuppose  great  accuracy 
with  compartive  cheapness  of  construction,  and  great  care  in 
their  preservation  and  use.  They  are,  in  effect,  mechanical 
extensions  of  the  human  brain,  just  as  the  immense  number  of 
tools  employed  in  the  arts  are  so  many  extensions  of  the  hands. 


.l/i/s/iTS  nuiiimi-tiT 


<  I'l. 


.\  niimbor  of  instriniiciits  li;ivf  I>ci.mi  cunstriictcd  for  tin.'  mt-as- 
»ircnicnt  of  plane  iircFis,  of  wliicli  Dr.  Anislor's  is  tuiicli  tlu- 
most  in  use  and.  perhaps,  titc'  most  L-lcjjant  in  tlicory.  It  is 
'■eniarkably  simple  in  construction:  in  fact,  it  could  not  be  more 
'"^>  for,  whereas  a  simple  Linear  Integrator  nni^^t  consist  of  two 
P'eccs  at  least'  a  frame  of  some  sort  and  a  measnrinf.;  wheel 
^''is  consists  of  but  three.  Apparently  complicated  in  ])rincipie, 
''*^  mathematical  relations  involvetl  are  elementary,  and  no  !)el- 
"^^  *; sample  can  be  t^iven  of  the  possibility  of  comjiassin^  com- 
l*'icated  results  by  simple  means. 


*Thi.s  article,  idcluiliiiH  lliat  ])iiriii)ii  on  the  Po 
*^»tei,  ten  years  a^"  at  'lie  re<iiiest  of  a  frieml,  bin  in  ; 
'"■  Puhlicalion,  h  has  been  consUlerahly  iim|>lilie<l.  i 
*'■'*'".  in  iis  fiiiMlatneiital  |iarts.  -J.  H.  W. 
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DESCKimoN  OF  THE  INSTRUMENT. 

In  its  simplest  form  this  instrument  consists  of  two  bars 
VA  and  VC  hinq^ed  together  at  V.  Figs,  i,  2  and  6,  with  a  wheel 
W  mounted  upon  one  of  them.  Other  parts  are  sometimes 
added,  as  in  Fig.  2,  to  allow  the  length  of  one  of  the  bars  to  be 
changed  at  will,  as  will  be  explained;  but  this  has  no  effect 
upon  the  action  of  the  instrument,  during  which  the  length  is 
not  changed. 

The  MciisuringAVheel  W  has  a  periphery  of  some  small 
and  convenient  length,  as  two,  or  two-and-a-half  inches,  quite 
narrow,  and  made  hard  so  as  to  prevent  wear.  The  wheel  is 
graduated  and  has  a  vernier,  with  a  counting  device  to  record 
the  number  of  revolutions,  so  that  the  distance  traveled  over  by  it 
may  be  accurately  read  off.  It  is  mounted  in  journals  as  nearly 
frictionless  as  may  be,  and  with  as  little  lost  motion  as  possible, 
so  that  the  axis  of  the  wheel  may  be  held  in  its  proper  position. 
The  wheel  also  furnishes  one  of  three  points  for  the  support  of 
the  instrument  when  in  operation. 

TJie  Mcosuring'Bar  VA  is  provided  at  A  with  a  dull-pointetl- 
Stylus  and  with  suitable  bearings  for  the  Measuring-Wheel.    The — 
Stylus  has  such  a  length  that,  when  the  Hinge  V  is  perpendicu — 
larto  the  plane  of  the  paper  and  the  Measuring-Wheel  rests  there — 
upon,  it  just  touches  it.     The  axis  of  the  wheel  should  then  hc^^ 
parallel  to  the  paper  and  to  a  plane  through  the  Hinge  and  Sty — 
lus.      The    lengths,   VA  of   the  bar,  VB  from   the    hinge  to  the^ 
plane  of  the  periphery  of  the  wheel,  or  Wheel-Plane,  and  BW  of 
the  wheel    from   B,  which   lies,  of  course,  in  the   plane  of  thtr 
Hinge  and  Stylus,  may  be  anything  convenient. 

TJie  RadinS'Bar  VC  is  provided  at  C  with  a  Needle-Point, 
whose  axis  is  parallel  to  that  of  the  Hinge,  which  serves,  when 
it  is  thrust  into  the  paper,  as  a  pivot,  about  which  the  whole 
instrument  revolves.  The  office  of  the  Radius-Bar  is,  then,  sim- 
ply to  guide  the  end  V  of  the  Measuring-Bar  in  the  arc  of  a  cir- 
le, while  at  the  same  time  it  assists  in  supporting  the  instrument 
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in  its  proper  position  over  the  paper.  To  aid  it  in  doing  this 
the  Needle- Point  has  a  shoulder,  which  rests  upon  the  paper, 
and  a  weight  is  sometimes  placed  above  it  to  keep  it  surely  in 
contact.  The  position  of  the  shoulder  is  such  that  when  it  and 
the  other  two  points  of  support  are  resting  upon  the  paper  the 
Hinge  is  maintained  in  a  position  perpendicular  to  it.  The 
length  VC  of  the  Radius-Bar  is  unimportant  except  as  it  affects 
the  range  over  which  the  instrument  will  work,  and  several 
Radius-Bars  of  different  lengths  might  be  provided  for  the  same 
instrument,  or  provision  made  for  inserting  lengthening-bars,  to 
enable  it  to  measure  areas  of  widely  different  sizes. 

METHOD   OF  USE. 

To  measure  an  area  the  Needle- Point  is  inserted  at  a  suitable 

place  in  the  paper,  and  the  Stylus  carried  carefully  over  the 

boundary  of  the  area,  taking  care  to  stop  at  the  exact  point 

from  which  the  start  was  made,  or,  for  greater  accuracy,  the 

boundary  may  be  traversed  a  number  of  times  continuously  in 

c^ric  direction,  and  the  result  divided  by  that  number.     If  the 

^^v'tieel  was  set  at  zero,  the  final  Reading  is  taken,  but  if  not,  tlicn 

f  »"Oin  the  final  Reading  must  be  subtracted  that  at  which  it 

^^i^Tted.    This  difference  in  the  Readings  gives  the  area,  either 

^  i  r^ctly,  when  the  wheel  is  suitably  graduated,  or  by  a  simple 

Miration  of  multiplication  and  addition. 

To  those  familiar  with  the  instrument  the  foregoing  may 
~^e  more  as  an  analysis  of  the  necessary  parts  and  processes 
^n  as  a  description  thereof. 

NOTATION. 

In  the  figures  and  references  thereto  positions  or  points 

^  other  objects  are  represented  by  Gothic  type.     Italics  are 

^^d  for  numbers,  distances,  areas  and  other  non-periodic  quan- 

^^i^s,  and  Greek  letters  stand  for  angles  or  arcs  and  other  peri- 

^ic  values. 

In  a  figure  a  character  designating  a  value  is  placed,  as  a 
^^e,  near  the  middle  point  thereof,  and  arrow  heads  for  indi- 
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eating  the  extent  of  the  value  are  preferably  dispensed  with. 
Thus,  in  Fig.  6,  /  stands  for  the  radius  CW^  of  the  Measuring- 
Circle,  being  at  the  middle  point  of  no  other  distance.  When 
a  directed  quantity  is  referred  to  by  its  terminal,  or  other, 
points  they  are  mentioned  in  the  order  indicating  its  plus  direc- 
tion; thus  VA  is  measured  from  V  toward  A. 

Throughout  the  article,  preferably; 

A  is  the  Stylus. 

B  is  the  point  where  the  Wheel-Plane  is  pierced  at  right- 
angles  by  the  line  VA. 

C  is  the  Needle-Point. 

B'  B  and  C  indicate  co-ordinate  axes,  however,  in  Fig.  15. 

D,  E,  F,  G,  and  H  are  used  for  bounding  areas. 

L  is  a  supporting  leg  in  Fig.  4  and  a  lens  in  Fig.  26. 

M  and  N  are  intersections  of  a  boundary  line  with  the 
o-Circle.     But  in  Fig.  23  M  and  N  are  points  not  on  the  circle. 

0  is  an  origin. 

PQ  is  a  right-line  in  Fig.  16. 

U  is  the  foot  of  a  perpendicular  from  V  on  W^C,  Fig.  6. 

V  is  the  Hinge. 

W,  Wj  and  Wg  are  Measuring- Wheels,  and 

W.  W",  W",  different  positions  of  the  wheel  W. 

X'X  and  Y'Y  are  co-ordinate  axes. 

Z  is  a  point  on  the  o-Circle. 

Small  letters  and  numerals  arc  used  to  bound  an  area  in 
Fig.  9  and  elsewhere,  and  numerals  also  mark  successive  posi- 
tions of  a  point. 

A  zero  subscript  is  usually  added  to  letters  having  a  con- 
nection with  the  o-Circle,  and  the  area,  or  equivalent  area,  of 
that  circle  is  generally  stippled  in  the  figures. 

A  =  the  area  of  any  curve. 

Ajj  =  the  area  of  the  o-Circlc. 

R^  and  R^  =  the  initial  and  final  Readings  of  the  Measur- 
ing-Wheel, expressed  in  revolutions  of  the  wheel  (or  such  frac- 
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tions  of  a  revolution  as  may  suit  its  special  graduation). 
^/'  and  R^"  =  the  same  in  inches  of  the  periphery. 
^  =  i?3  —  i?j   =   the  number  of  rev^olutions  and  parts 
thereof  performed  by  the  wheel  while  the  Stylus  is  passing  over 
a  boundary  or  portion  thereof. 

R"  =    R^"  —  i?j"  =  the  same  in  peripheral  inches. 
a  =  VA,  the  length  of  the  Measuring-Bar. 
b  =  VB,  the  distance  from  V  to  the  Wheel-Plane. 
c  =  VC,  the  length  of  the  Radius- Bar. 
m  and  n  are  axial  intercepts  in  Fig.  16. 
n  =  the  number  of  turns  about  C  made  by  the  Stylus  in 
measuring  an  area. 

^  =  WjC,  the  radius  of  the  Measuring-Circle. 
q  =  WC,  the  distance  from  the  centre  of  the  wheel  to  C. 
r  =  AC,  the  distance  from  the  Stylus  to  C. 
r^  =  A^jC,  the  radius  of  the  o-Circle. 
w  =  the  perimeter  of  the  Measuring- Wheel. 
X  =  the  abscissa,  and 
y  =  the  ordinate  of  a  point. 

a  =  the  angle  which  the  path  of  the  wheel  makes  with  its 
plane. 

P  =  the  angle  which  the  Radius-Bar  makes  with  the  Meas- 
^>"ing-Bar. 

y  =  the  angle  which  the  Radius-Bar  makes  with  0  X. 
^  =  the  angle  which  the  radius  AC  =  r  of  the  Stylus  makes 
^•ithOX. 

These  angles  are  supposed  plus  in  the  direction  of  motion 
^^  ^vatch-hands,  and  the  circuits  of  boundaries  are  supposed  to 
^  rnade  in  this  plus  direction. 

Instead  of  the  usual  abbreviations  of  the  names  of  common 
^^onometrical  functions,  the  following  symbols  arc  used  : 
A  for   sine      and  V  for  its  reciprocal,  the  coscnuit. 
"7  for  cosvie  and  Z  for  its  reciprocal,  the  secant. 
J  ioT  tiitigent  ^v\A  f  for  its  reciprocal,  the  cotangcut. 
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THEORY   OF  THE   MEASURING-WHEEL. 

In  a  simple  Linear  Integrator,  when  the  wheel  is  moved  over 
any  curved  line  to  find  its  length,  it  is  necessary  to  steer  it  so 
that  the  Wheel-Plane  is  at  every  point  tangerit  to  the  curve. 
For  this  purpose  it  matters  little  how  the  Wheel- Axis  may  be 
supported  so  that  it  has  little  friction  and  an  accurately  known 
length  of  periphery.  It  may  be  nicely  fitted  in  its  bearings,  so 
that  the  plane  of  the  wheel  has  a  fixed  position  with  respect  to 
the  handle  of  the  instrument,  or  it  may  have  considerable  play 
endwise,  so  that  this  position  changes  constantly,  without  affect- 
ing the  accuracy  of  its  results. 

In  more  complicated  instruments,  however,  the  wheel  needs 
to  be  more  carefully  mounted,  and  should,  in  general,  have  no 
lost  motion  in  its  bearings. 

The  Wheel-Plane  does  not,  moreover,  remain  tangent  to  the 
path  over  which  the  wheel  is  moved,  in  which  case  the  latter 
is  forced  to  slide  over  the  paper  in  the  direction  of  its  axis,  so 
that  its  motion  consists  of  two  components,  the  one  a  rolling 
perpendicular  to,  and  the  other  a  sliding  in  the  direction  of  its 
axis.  The  relation  between  the  motion  of  the  centre  of  the 
wheel  and  its  revolution  must  therefore  be  considered. 

First,  If  a  wheel  be  moved  from  W  to  W,  in  the  direction 
of  its  axis,  see  Fig.  3,  it  will  slide  over  the  paper  and  not 
revolve. 

Second,  If  a  wheel  be  moved  from  W  to  W",  in  a  direc- 
tion perpendicular  to  its  axis,  it  will  revolve  and  not  slide,  and 
the  distance  measured  off  on  its  periphery  will  be  W  W",  the 
distance  moved. 

Third.  If  the  wheel  be  moved  in  any  diagonal  direction 
from  W  to  W",  while  the  direction  of  its  axis  is  not  changed, 
its  mention  will  consist  of  a  sliding  equal  to  W  W,  and  a  roll- 
ing equal  to  W  W",  so  that  it  will  still  measure  off  on  its  peri- 
phery that  component  of  its  path  which  is  perpendicular  to  its 
axis.     This  leads  to  the  equation  : 
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Figure  3.  Figure  4. 

Distatice  measured  =     Path  x  cosine  a. 

Fourth.  Instead  of  the  diagonal  path  W  W",  the  wheel 
may  be  moved  over  any  path,  straight  or  curved,  from  W  to 
any  point  in  the  line  W"  W",  the  direction  of  its  axis  remain- 
ing unchanged,  and  the  wheel  will  still  measure  the  distance 
W  W". 

Finally.  If  while  the  wheel  is  moved  the  direction  of  its 
axis  is  also  changed,  so  that  a,  the  angle  between  the  Wheel- 
Plane  and  the  path,  is  variable,  the  distance  measured  is  found 
by  integration,  thus  : 

Distance  =  /cosine  a  x  differcfitiiil  of  the  path. 

There  is  not,  however,  any  present  occasion  to  use  this 
formula,  as  the  preceding  one  suffices  to  explain  the  action  of  the 
p>lanimeter. 

THEORY    OF    THE    MEASURING-BAR. 

First.  The  position  of  the  wheel  in  the  Wheel-Plane  has 
no  effect  upon  the  distance  measured,  so  that  whether  the  wheel 
i  s  placed  at  one  side  of  the  line  VA,  as  indicated  in  the  diai^ram, 
Fig.  6,  or  in  the  line  (produced  backward  in  the  larger  instru- 
riient),  as  shown  in  Figs,  i  and  2,  is  a  question  of  convenience, 
of  stability  of  the  instrument  and  of  the  wear  of  the  parts. 

Fig.  4  represents  two  wheels,  W  and  Wj,   mounted   in  the 
5^ame  plane  in  a  frame,  which  has  a  foot  at  L  simply  to  keep  it 
^rom    upsetting.      Let   this    frame    receive   any    motion  what- 
ever; then  the  distances  measured  off  by  the  two  wheels  will  be 
^he  same.     For  any  motion  may  be   resolved  into  an  infinite 
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number  of  differential  motions  for  which  the  statement  is  evi- 
dently true,  or  may  easily  be  shown  to  be.  consequently  it  is 
true  for  the  whole  motion.  Let  one  of  the  differential  motions 
carry  the  wheels  from  the  position  o  i  to  a  neighboring  position, 
as  4  5  Through  any  point  0  in  the  line  4  5  draw  2  3  parallel 
to  o  I,  with  02  =  04  and  03  =  05.  Connect  o  with  2,  and  1  with 
3;  then  will  the  differential  motion  be  resolved  into  a  transla- 
tion of  the  frame,  which  carries  the  wheels  over  the  equal  and 
parallel  paths  o  2  and  1  3,  and  a  rotation  of  the  same  about  the 
point  0,  which  moves  the  wheels,  in  the  directions  of  their  axes 
only,  from  2  to  4  and  from  3  to  5,  respectively.  Evidently  this 
last  motion  will  not  cause  the  wheels  to  revolve  and,  as  the 
translation  is  the  same  for  both  wheels,  it  must  cause  the  same 
revolution  in  both,  therefore  the  effect  of  the  whole  differential 
motion  is  to  cause  the  same  revolution  in  both  wheels,  Q.  E.  D. 

It  follows  from  the  above 
that  the  revolution  of  the 
wheel  W  in  Fig.  6  must  be  the 
same  as  if  it  were  at  B,  or  at 
any  other  point,  as  W J,  in  the 
Wheel-Plane. 

The  simplest  form  of  Measuring-Bar  is  that  shown  in  Fig. 
5,  having  a  wheel  at  its  centre  B.  The  bar  itself  may  even  be 
nothing  more  than  the  whcel-axlc  extended  to  V  and  A.  Evi- 
dently such  a  bar  in  i)assing  from  one  position,  o  1,  to  the  next, 
45,  records  the  areaof  the  quadrilateral,  o  1  5  4,  swept  over  by  the 
bar  ;  for  this  area  is  equal  to  that  of  the  parallelogram  0132,  inas- 
much as  the  positive  triangle  O35  equals  the  negative  triangle 
O24,  the  triangles  024  and  1  3  5  being  neglectable  for  positions 
a  differential  distance  apart,  and  the  area  of  the  parallelogram  is 
equal  to  the  distance  measured  by  the  wheel,  that  is,  the  perpen- 
dicular distance  between  o  1  and  2  3,  multiplied  by  the  length  a 
of  the  bar  VA,  or,  if  the  Measuring-Wheel  is  suitably  graduated, 
by  simply  subtracting  the  Reading  at  B  from  that  at  0. 
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It  follows  from  this  that  if  the  two  ends  of  such  a  Meas- 
uring-Bar be  made  to  move  over  two  curves,  as  indicated  in  the 
figure,  the  wheel  will  show  the  area  contained  between  the  lat- 
ter and  the  initial  and  final  positions  of  the  bar. 

In  the  ordinary  planimeter,  however,  the  wheel  is  not  in 
the  centre  of  the  bar,  and  its  action  therefore  will  be  treated  of 
in  a  more  general  way  after  having  discussed  the  particular  sys- 
tem of  co-ordinates  embodied  in  the  instrument. 

THEORY   OF  THE    RADIUS-BAR. 

The  Radius-Bar  may  be  said  to  have  no  special  theory.  It 
may  even  be  dispensed  with  and  the  Hinge  of  the  Measuring-Bar 
made  to  follow  the  arc  of  a  circle  in  some  other  way.  It  is 
moreover  simpler,  as  will  soon  be  seen,  to  consider  the  Meas- 
uring-Bar and  Radius- Bar  together. 

CO-ORDINATE   SYSTEM   OF   THE    INSTRUMENT. 

The  instrument  is  represented  in  Fig.  6  as  engaged  in 
measuring  the  area  MAND.  Put  the  Stylus  at  any  point  A^,, 
so  that  the  plane  of  the  wheel  passes  through  C.  B^C  is  the 
Wheel-Plane  in  this  position  and  V^  the  Hinge.  Describe  the 
circle  Y'OY  with  the  radius  CA^,  and  centre  C;  this  is  called 
the  Zero-Circle,  because  if  the  Stylus  be  made  to  follow  it  the 
motion  of  the  wheel  will  be  wholly  in  the  direction  of  its  axis 
and  the  wheel  will  not  revolve, 

A  radius  CX  and  the  Zero-Circle  Y'OY  are  the  two  axes  of 
a  system  of  rectangular  co-ordinates  whose  origin  is  at  0,  and 
the  instrument  measures  areas  by  means  of  this  system. 

COMPARISON  WITH  THE  COMMON  RECTANGULAR   SYSTEMS. 

The  common  system  of  rectangular  co-ordinates,  thoui^h 
the  simplest  in  itself  and  for  many  problems,  is  not  so  for  all. 
Its  peculiar  simplicity  is  that  it  is  at  the  same  time  rectilinear; 
now  the  planimeter  system  is  rectan<^ular  and  scmi-rectilincar. 
The  common  system  supposes  the  plane  to  be  divided  into  in- 
finitesimal rectangular  elements  by  two  systems  of  parallel 
right-lines  at  right-angles  with  each  other,  while  the  planimeter 
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system  divides  the  plane  into  rectangles  by  a  system  of  c 
trie  circles,  crossed  at  riglit-anglcs  by  a  system  of  radii.  In  the 
common  system  tlie  elements  may  be  all  squares  of  the  same 
size,  while  here,  though  they  ean  all  be  squares,  the  sides  of 
the  squares  must  be  proportional  to  their  distances  from  C. 

The  correspondences  existing  between  the  two  systems  are 
shown  by  the  following  statements: 

In  both  systems  there  is  a  rectilinear  axis  of  abscissas  OX, 
The  axis  of  ordinates  Y'OY  is  rectilinear  in  the  common 
system  and  circular  in  that  uf  the  planimeter.     In  both  systems 
there  are  elementary  infuiHesimal  strips  made  by  drawing  right- 
lines  perpendicular  to  Y'OY  through  cqui-distant  points  thereof. 
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Figure  7. 


Figure  8. 


Theremayalsobesquare  elements  in  both,  formed  by  cutting 
up  the  infinitesimal  strips  by  lines  parallel  to  Y'OY,  at  distances 
apart  equal  to  the  width  of  the  strips  at  that  place. 

Figures  7  and  8  illustrate  the  above  points,  and  show  also 
that  the  diagonals  of  successive  elements  form  a  right-line  in 
Fig.  7,  while  in  Fig.  8  they  form  a  logarithmic  spiral. 

The  common  system  of  polar  co-ordinates  is  different  from 
Fig.  8,  not  being  so  simple,  consistent  or  elegant.  In  it  the  ordi- 
natcs,  called  angles  or  arcs,  are  measured  from  0  along  OY,  but 
this  circle  is  restricted  to  unity  radius.  The  ab.scissas,  called 
radii,  are  not  however  measured  from  the  origin  0,  but  from  C. 

MEASUKEMENT   OF   THE   AKKA. 

Figure  g  shows  an  area  composed  of  a  number  of  strips 
*t>utling  upon  a  portion  of  the  Zero-Circle,  OY,  which  is  here 
for  convenience  made  a  right-line;  it  does,  in  fact,  beciuui:  a 
fight-line  in  a  particular  form  of  planimeter  called  Cofifin's 
f^  veraging  Instrument.  Fig.  g  is  not  necessarily  a  part  of  Fig. 
*.  and  the  proof  applies  to  it  when  the  strips  are  supposed  to 
"ave  finite  dimensions. 

Figure  10  is  an  enlarged  view  of  the  end  of  one  of  the  strips 
"^  Fig,  g  on  the  supposition  that  those  sirips  are  iiifiiiitcsiniLil; 
>^  therefore  represents  equally  the  end  of  a  strip  in  Fig.  g.  sup- 
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posed  to  be  cut  off  obliquely,  and  also  the  end  of  one  of  the 
elementary  areas  in  Fig.  6,  which  actually  have  oblique  ends. 

The  area  MAND,  Fig.  6,  equals  the  algebraic  sum  of  all  its 
elementary  infinitesimal  strips,  such  as  are  shown  at  ZA  and  E 
who.se  algebraic  signs  are  determined  by  a  rule  to  be  given.-  It 
makes  no  difference,  so  far  as  the  area  is  concerned,  whether 
these  strips  arc  supposed  to  have  ends  cut  parallel  to  the  Zero- 
Circle,  as  indicated  at  A,  or  to  be  oblique,  as  shown  at  E,  be- 
cause the  area  of  the  small  triangle  thus  disregarded  at  A  is  a 
second  differential  only,  and  the  integration  of  such  triangles 
around  the  whole  boundary  could  not  give  more  than  a  nrst  dif- 
ferential of  area.  But,  as  the  Stylus  actually  follows  a  diagonal 
line  across  the  ends  of  these  elementary  strips,  it  will  be  better  to 
consider  them  as  having  oblique  ends  and  to  show  how  this 
affects  the  action  of  the  Measuring- Wheel. 

In  Fig.  9,  also,  the  area  is  the  sum  of  its  elements.  Con- 
sider now  the  action  of  the  wheel  when  the  Stylus  is  passed 
around  the  boundary  of  one  of  the  elements,  as  around  3gh43. 
Evidently  if  the  area  of  this  strip  is  measured  by  the  wheel  it 
must  be  measured  as  the  Stylus  passes  over  its  end  gh,  for  the 
reason  that  on  4  3,  a  jiortion  of  the  Zero-Circle,  the  wheel  does 
not  revolve,  and  whatever  revolution  occurs  in  passing  from  3 
to  g  must  be  exactly  neutralized  by  a  contrary  revolution  in 
passing  back  over  the  equal  distance  from  h  to  4- 

It  follows,  therefore,  that  if 
the  Stylus  be  passed  around  the 
whole  area.  Fig.  9,  composed  of 
these  elementary  strips,  or  even 
from  o  through  a.  over  the  upper 
part  of  its  boundary  only,  to 
10,  the  wheel  will  measure  the 
whole  area  o  f  10  if  each  ele- 
mentary area  is  measured  as  the 
-Stylus    passes    over  it,   because 
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evidently  the  total  turning  in  one  direction  of  the  wheel  for 
such  parts  as  be,  Im,  must  be  neutralized  by  the  turning  in  the 
contrary  direction  for  such  parts  as  rs,  whose  direction  is  oppo- 
site, the  algebraic  sum  of  all  such  parts  from  o  to  10  being 
necessarily  o.  For  the  oblique-ended  strips  of  Fig.  6  we  shall 
however,  need  a  somewhat  different  proof  to  show  that  the 
same  is  true. 

Lemma. — Tlie  passage  of  the  Stylus  over  the  boundary  of  a  strip 
of  infitdtesimal  width  causes  the  wheel  to  record  its  area  ivhether  its 
end  is  oblique  or  rectangular. 

Proof — Fig.  10  shows  the  end  gh  of  one  of  the  strips  in 
Fig.  9.  On  the  supposition,  however,  that  the  Stylus  passes 
in  a  curved  line  over  the  boundary,  let  g'h'  be  the  end  of  the 
strip.  Now  when  thn  Stylus  passes  from  g'  to  h'  the  wheel 
will  pass  from  some  |  Dint  G  to  H,  not  shown.  Through  G  and 
H  suppose  lines  drawi.  parallel  to  the  wheel-axis  at  those  points. 
These  lines  will  be  parallel  because  the  wheel-axis  cannot 
change  its  direction  a  finite  amount  in  passing  over  the  dis- 
tance G  H,  which  is  infinitesimal  because  g'h'  is;  but  they  will 
not  necessarily  be  parallel  to  any  line  in  Fig.  9.  Now  it  has 
been  shown  in  connection  with  Fig.  3  that  the  wheel  must  reg- 
ister the  same  amount,  in  passing  from  one  parallel  line  to 
another  without  changing  its  direction,  whether  it  passes  by 
one  path  or  another,  consequently,  by  passing  the  Stylus  over 
the  path  gg'h  'h  the  same  record  is  made  as  by  passing  it  over 
the  rectangular  end  gh. 

Suppose,  now,  that  the  Stylus  starts  at  h  with  the  wheel 
reading  R^  and  goes  through  h'  i^R^'  being  the  corrcs|)onding 
Reading),  4  and  3  to  g,  it  must  arrive  at  this  point  with  the 
same  reading  -^^  as  it  had  at  starting.  From  g  the  boundary 
of  the  square-ended  strip  may  be  completed  by  [)assing  directly 
to  h,  arriving  there  with  a  Reading  R.^,  or  an  increase 

R  =  A^o  —  A^j 
of  the  Reading   due   to  a  circuit  of   the  square-ended  area. 
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On  the  other  hand,  the  Stylus  may  go  from  g  first  to  g'and  then 
through  h'  to  h,  at  which  point  the  Reading  will  still  be  R^^  be- 
cause, as  already  shown,  tlie  wheel  registers  the  same  amount 
over  the  two  paths  from  g  to  h.  But  the  Stylus  has  now  made 
the  circuit  of  the  oblique-ended  strip,  besides  going  over  hh' 
twice,  in  contrary  directions,  which  makes  no  difference  in  the 
area  of  the  strip  nor  in  the  Reading,  consequently  the  circuit  of 
the  oblique-ended  area  gives  the  same  result 

A'  =  A\  -  Ai 
as  the  circuit  of  the  square-ended  area. 

The  same  result  is  obtained  by  subtracting  the  two  Readings 
for  the  point  h',  thus  : 

where  Ag'  is  the  Reading  after  arriving  at  h'  from  g',  for  evi- 
dently R,/  equals  the  Reading  at  g  plus  the  increase  for  the 
path  ghh'  from  g  to  h',  or 

R^'  =  R,  +(R.-R,)  +  (R,'-R,)  =  R^^R,  + /?/ 
therefore 

R  =  Aj  —  Aj    =Ao  —  Aj  Q.K.D. 

Corollary, — We  see  then,  also,  that  the  partial  circuit  of  an 
element,  beginning  and  ending  at  the  Zero-Circle,  and  conse- 
quently omitting  part  of  the  boundary  on  the  circle,  or  even 
beginning  and  ending  at  equal  distances  from  the  circle,  gives 
the  same  result  for  an  oblique  as  for  a  stjuare-ended  element, 
so  that  the  effect  of  the  change  in  (i  upon  the  revolution  of  the 
wheel  while  the  Stylus  passes  over  the  oblique  end  of  the  strip, 
is  cancelled  out  by  returning  ft  to  its  initial  value. 

Proposition  \.  -The  passage  of  the  Stylus  around  any  ele- 
mentary strip  eauses  a  revolution  of  the  wheel  proportional  to  the 
area  of  the  strip,  and  the  distanee  measured  off  by  the  wheel,  multi- 
plied  by  the  length  of  the  Measuring- Bar,  gives  the  area  of  the  strip. 

For  the  simplification  of  the  proof  only  we  adhere  to  ele- 
mentary areas  whose  sides  are  perpendicular  to  the  Zero-Circle, 
and  shall,  also,  in  accordance  with  the  Lemma,  suppose  their 
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^ncls  to  be  rectangular.  This  makes  the  proposition  equivalent 
^^  tlie  statement  that  when  the  whole  instrument  is  revolved 
^l>out  C,  so  that  0  increases  while  /?  remains  constant,  the  wheel 
^^gristers  an  amount  R  proportional  to  the  area  swept  over 
^y  tilie  abscissa  ZA^,  Fig.  6. 

Proof, — In  the  oblique  triangle  AVC,  Fig.  6,  we  have  for 
^^^   point  A 

^^'^  i  c:h  becomes 

^0*  =  ^*  +  r*  -f  2ac  y Pq 
^^•^^n  P  has  such  a  value,  P^,  as  causes  the  Wheel-Plane  WB  to 
^^^s  through  C.  This  is  shown  in  the  black  position  of  the 
^'^^tirument,  which  determines  the  radius  r^  of  the  Zero-Circle 
'^'^^  in  which  position  it  may  be  revolved  as  a  whole  around  C 
^^^tiliout  revolving  the  wheel. 

Also,  the  area  dA  of  the  elementary  strip  ZA  is 

dA^  i{r  de  +  r,  de)  .  (r  ^  r^) 
=  I  (r»  -  ro«)  de 
^^o  ich  becomes  by  substituting  ihc  above  values  of  r*  and  rQ* 

dA  =  ac  (yfi  -  yft^)  d6. 

Now,  as  shown  in  connection  with  Fig.  4,  the  revolution  of 

*^^   wheel  at  W  is  the  same  as  if  it  were  at  Wj  ,  the  foot  of  a 

^^^■pendicular  from  C  upon  the  Wheel-Plane,  so  that  while  the 

^ylus  passes  over  the  distance  r  df^  at  the  ^nd  of  the  clement, 

^^ith  P  constant,  the  wheel  measures  off  the  distance />^/^.     But 

/  =  CU  -h  UWj  =  CU  +  VB 
=  CU  +  V,B, 
^"here,  from  the  triangle  CUV,  we  have 

CU  =  r  76* 
^'^d,  from   the  triangle  C  B,V„ 

V.B,  =  *  =  _  r  7/J, 
^<>that  />  =  f  ( 7/3  _  7/J„) 

*^ti  the  distance  measured  off  by  the  wheel  is 
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which,  when  multiplied  by  a^  is  the  value  already  obtained  for 
dA,     We  may  therefore  write 

dA  =  apdB  Q.  E.  D. 

The  rotation  of  the  wheel  may  also  be  calculated  for  the 
wheel  at  W,  as  follows  : 

While  the  Stylus  moves  over  r//^,  without  change  of /?,the 
wheel  moves  over  the  distance  qdd  in  a  direction  whose  angle 
with  the  Wheel-Plane  is  a,  consequently  by  tiie  formula  pro- 
duced under  Fig.  3  the  wheel  measures  off  the  distance 

q  Va  dB 
But  q  y  a  -  p 

therefore  the  distance  measured  off  is,  as  before,  pdB. 

Proposition  II. — The  passage  of  the  Stylus  along  any  curve ^ 
commencing  a?id  finishing  with  the  sa?ne  value  of  /?,  causes  a  revo- 
lutio7i  of  the  wheel  proportional  to  the  area  betiveen  the  curve  atid 
the  Zero- Circle y  and  the  distance  measured  off  by  the  wheel  multi- 
plied by  the  length  of  the  Measuring-Bar,  gives  the  area  thus  swept 
over  by  the  abscissa  of  the  cun^e. 

Thus  in  Fig.  1 1  the  passage 
of  the  Stylus  over  FGH  causes  a 
revolution  proportional  to  the 
area  F^  FGHHy,  but  if  the  area 
F^FGG(^  is  to  be  measured,  the 
Stylus,  after  going  over  FG,  must 
be  passed  from  G  to  Gj  to  bring 
y^back  to  its  initial  value,  Fj,Gj  Figure  ii. 

and  H  being  at  the  same  distance  from  the  o-Circle. 

Proof — From  the  corollary  under  the  lemma  the  partial 
circuit  of  an  clement,  made  by  going  along  one  side,  as  from  Z 
to  A,  Fig.  6,  across  the  end,  cither  rectangular  or  oblique,  and 
back  along  the  other  side  to  the  o-Circle,  causes  a  revolution  of 
the  wheel  proportional  to  the  area  of  the  strip,  consequently 
by  starting  at  F^  and  making  such  partial  circuits  of  the  ele- 
ments in  order,  we  may,  by  a  continuous  motion  of  the  Stylus, 
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proceed  from  F^  to  G^  or  H^,,  thus  causing  a  total  revolution  of 
the  wheel  proportional  to  the  whole  area  F^,  FG  Gq  or  F^  FH  H^ 
But  all  the  abscissas,  or  partial  radii,  separating  the  elements 
are  thus  passed  over  by  the  Stylus  twice,  in  contrary  directions, 
also  the  motion  over  HH^,  or  GG^is  equal  and  contrary  to  that 
over  F^F,  consequently  the  total  revolution  of  the  wheel  due  to 
the  radial  motions  of  the  Stylus  is  nothing,  and  we  may  omit 
these  motions  altogether  and  pass  the  Stylus  continuously  along 
the  curve  from  F  to  H  or  G  without  changing  the  final  Reading 
of  the  wheel,  so  that,  the  initial  and  final  Readings  in  peripheral 
inches  being  R^"  and  R^"  and  A  being  the  area,  we  must  have 

A  =  aR"  =  a  (R,/'  -  R,")  Q.  K.  D. 

Here  a  is  supposed  to  be  in  inches,  and  the  wheel  being 
graduated  so  that  its  Readings  correspond  with  inches  measured 
off  by  its  periphery,  A  will  be  in  square-inches;  but  if  the  unit 
of  the  Readings  is  any  other  distance,  say  ;/  inches,  then  A  will 
be  given  in  rectangular  units  of  //  square-inches  each.  To  avoid 
this  complication  and  at  the  same  time  make  /?  disappear  from 
the  formula  the  wheel  is  often  graduated  so  that  the  Reading  is 
'-^  times  the  peripheral  measure,  which  evidently  changes  the 
formula  so  that  the  number  of  square-inches  area  is 

//  =  /v  =  A\,  —  R^ 

To  distinguish  these  Readings  from  each  other  the  unac- 
cented R  is  used  for  Readings  of  wheels  graduated  to  dispense 
^ith  the  factor  //,  while  the  double  accent  indicates  inclics  of 
P'^riphery. 

ALGEBRAIC    SIGNS    OF    THK    ELEMENTS. 

As  the  sign  of  an  area  must  depend  primarily  upon  the  signs 
^^  its  differential  elements,  which  depend  upon 

7/^  -  7fi, 

^^e  si|Tn  of  this  quantity  must  be  examined  in  the  four  following 

c^cs.  which  depend  upon  whether  the  Stylus  is  outside  or  in- 

^i^c  of  the  O-Circle;  whether  the  instrument  as  a  whole  revolves 

for)\ard  or  backward,  /.  e.,  whether  0  increases  or  diminishes, 
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or,  in  other  words,  whether  dB  is  plus  or  minus;  and  whether  the 
wheel  revolves  so  as  to  increase  or  decrease  the  Reading. 

Suppose  the  wheel  to  be  graduated  so  that  when  the  Stylus 
is  outside  the  o-Circlc  and  /?  plus,  an  increase  of  the  Reading 
accompanies  an  increase  of  B\  then  for 

/?  >  o  and  <  /fo° 


I.  (7/? -7/?,) 

II.  (7/?-7/?J 

III.  (7/?-7/y,) 

IV.  (7/y-7/?o) 


is  plus;      dS  is  plus;     dB  is  plus. 

is  plus;      dB  is  minus;  dB  is  minus. 

is  minus;  dB  is  plus;      dB  is  minus. 

is  minus;  dB  is  minus;  dB  is  plus. 
It  should  be  remembered  that,  on  account  of  the  change 
in  /?,  a  wheel  graduated  to  increase  its  Reading  with  an  increase 
of  B  may  sometimes  act  in  the  contrary  way,  but  as  it  is  neces- 
sary to  finish  the  measurement  of  areas  with  fi  returned  to  its 
initial  value,  thus  eliminating  the  effect  of  >^'s  variability,  the 
wheel  may  be  regarded  as  always  virtually  revolving  in  the  same 
way  as  B  when  the  Stylus  is  outside  the  o-Circle,  and  in  the  con- 
trary direction  when  inside. 

ALGEBRAIC  INTEGRATION  OF  THE  DIFFERENTIAL  ELEMENTS. 

Let  us  return  now  to  the  equation 

dA  =  apdB 
where  a  is  the  Measuring-Bar  and  p  the  perpendicular  from  C 
upon  the  Whccl-Planc.     Substituting  the  value  of /we  get 

dA  ^  ac{7fi  -  y(i^)dB. 

In  this  equation  (i  and  0  arc  both  variable,  and  to  inte- 
grate algebraically  it  must  be  known  whether  they  are  depend- 
ent or  independent  of  each  other.  Inasmuch  as  the  Stylus  fol- 
lows a  curve  they  arc  dependent,  but  in  what  manner  depends 
upon  the  shape  of  the  curve,  and  therefore  in  the  general  dis- 
cussion of  the  planimctcr  the  right-hand  member  of  the  equa- 
tion cannot  be  integrated  algebraically.  In  fact,  the  value  of  the 
planimctcr  lies  largely  in  the  fact  that  it  dispenses  with  alL 
kno\vlcdf:jc  of  the  law  (or  absence  of  law)  connecting  ^and  ft  and- 
intcij^ratcs  mechanically. 
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But  any  integration  is  liable  to  introduce  a  constant. 
"Which  in  this  case  is  the  area  of  the  o-Circle.  In  the  simple 
case  in  which  the  area  to  be  measured  is  a  circle  outside  the 
o- Circle  and  concentric  thereto,  ft  is  constant  and  the  integra- 
tion shows,  what  is  otherwise  quite  evident  for  any  closed  curve 
outside  of  the  o-Circle,  that,  after  adding  together  all  the  infin- 
itesimal strips  between  such  a  curve  and  the  o-Circle,  the  area 
o^  the  latter  must  be  added  to  complete  the  area  of  the  curve. 

THE   ZERO-CIRCLE. 

The  oCircle  has  for  its  area 

A^  =  nr^^  =  «"  (/z2  +  r»  +  2ac  7 §^) 
=  ;r  (/?  +  r)2  —  2n€a  (/  —  7/8^) 
But  it  has  been  found  that 

^^ci  therefore 

^^hich  substituted  gives  for  the  area  of  the  oCircle 

Aq  =  n  r^^  -  n  {a  -\-  c)^—  2  na  {b  +  r). 
The  quantities  a^  b  and  c  can  be  obtained  from  the  instru- 
'^^nt  and  this  value  calculated,  or  a  circle  may  be  described 
"^y*  the  Stylus,  with  such  a  value  of  ft  as  causes  no  revolution  of 
tli^  wheel  and  the  diameter  thereof  measured. 

The  most  accurate  way  of  performing  the  latter  operation 
*^  to  set  the  Stylus  at  a  fixed  distance  r^  slightly  less  than  r^ 
*^om  C,  by  means  of  a  strip  of  cardboard.  The  Needle- Point  is 
PJ^essed  through  one  end  of  this  into  the  paper  and  tlic  Stylus 
^^nted  slightly  into  the  other  end  and  kept  from  moving  with 
^  bit  of  wax.  With  the  wheel  resting  on  the  paper  the  whole 
*^  then  revolved  around  C  until,  by  a  mark  on  the  strip  of  card- 
board and  another  on  the  paper,  several  exact  revolutions  are 
*^nown  to  have  been  made.  The  wheel  is  read  before  and  after 
^nd  the  difference  taken  and  divided  bv  the  number  of  rcvolu- 
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tions.  Call  the  result  R^,  The  Stylus  is  then  moved  outward  to 
a  distance  r^  from  C  slightly  greater  than  than  r^  and  the  pro- 
cess repeated,  the  result  being  called  R^  The  revolution  of 
the  wheel  will  now  be  in  the  contrary  direction,  and  if  the  two 
Readings  differ  but  little  numerically  the  value  of  r^  can  be 
obtained  with  accuracy  by  the  equation 

where  both  R^  and  ^2  should  be  obtained  by  subtracting  the 
lesser  Reading  from  the  greater,  so  as  to  be  plus  quantities. 

INSTRUMENTAL   CONSTANTS. 

To  get  the  value  of  the  bistrumental  Constants  a^  b  and  c 
from  the  instrument  in  cases  where  there  is  sufficient  motion  to 
the  joint  V,  we  may  proceed  advantageously  as  follows  : 

Fasten  a  block  upon  the  drawing-board  so  that  one  of  the 
bars  can  be  held  firmly  against  it,  the  Needle- Point  or  Stylus, 
as  the  case  may  be,  being  also  pressed  into  the  paper  to  keep 
the  bar  in  place;  suppose  also  that  the  arm  VC  has  thus  been 
fixed  in  position.  Now  revolve  the  bar  VA  nearly  to  its  extreme 
position  and  mark  the  position  of  the  Stylus  by  pressing  it 
slightly  into  the  paper,  at  the  same  time  adjusting  the  bar  so 
that  it  appears  parallel  to  a  line  previously  drawn  on  the  paper 
for  this  purpose.  Then  revolve  the  arm  VA  into  its  second  par- 
allel position,  180^  from  the  first,  removing  the  instrument  tem- 
porarily from  the  board  for  greater  convenience,  if  necessary. 
Again  marking  the  position  of  the  Stylus  the  half-distance  be- 
tween the  two  marks  will  be  a.  b  can  be  found  at  the  same 
time  by  causing  the  wheel  also  to  leave  its  mark  upon  the  paper, 
and  to  get  c  the  arm  VA  must  be  fixed  by  the  Stylus  and  block. 
When  positions  180^  apart  cannot  be  used  on  account  of  the 
limited  motion  of  the  Hinge,  three  or  more  positions  can  be 
marked  over  as  wide  a  range  as  possible  and  circles  can  be 
passed  through  them  by  geometrical  principles  or  by  trial, 
whose  diameters  can  then  be  measured.     Any  looseness  of  the 
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Hinge  should,  of  course,  be  removed  before  attempting  to  de- 
termine the  Instrumental  Constants.  A  looseness  of  the  wheel, 
ali>o,  may  interfere  with  the  correct  determination  of  the  o-Cir- 
cle,  and  of  ^,  and  result  in  a  discrepancy  between  its  radius  as 
nri ensured  and  as  calculated  from  the  constants. 

MEASUREMENT  OF  A  CLOSED  AREA. 

The  final  proposition  can  now  be  stated  : 
Proposition  III. — The  passage  of  the  Stylus  once  around  avy 
^/c^sed  curiae  ^  starting  from  any  initial  position  and  finishing  at  the 
-s^^^ic  pointy  at  which  finish  (i  must  have  returned  to  its  initial  value 
^^9€i  d  have  its  initial  value  plus  n  tifnes  2?r,  causes  a  revolution  of 
^^^€r  Measuring-Wheel  proportioftal  to  the  area  A  of  the  curve  dimin- 
^^^t^e'dby  n  times  tfte  area  A^  of  the  Zero-Circle ;  and  the  distance 
^'^»  incasured  off  by  Hie  wheel,  zvhcn  tmdtiplied  by  the  length  a  of 
^^^^*  Measuring-Bar  and  added  to  n  times  A^,  gives  tlu  area  A  of 
^^^  Curve; 
^'•.  A^nA^  +  aR" 

Proof  It  will  be  s'ufiicient  here  to  prove  this  for  n  ^  o  and 
"  ^a  /,  which  are  the  ordinary  cases,  leaving  the  explanation  of 
^^her  values  of ;/  to  be  made  under  the  headings  plus  and  minus 
"^^Has,  forms  of  areas,  etc. 

These  two  cases  are  usually  distinguished  from  each  other 
*^s  cases  having  C  without  and  within  the  area,  respectively,  and 
^he  y^  requirement  is  usually  neglected  on  the  supposition  that 
*^  is  unnecessary  for  a  closed  area.  Wo  shall,  however,  under 
^he  headings  forms  of  y^REAS,  crossed  boundaries,  Polar 
^Hactrix,  etc.,  see  the  propriety  of  the  proposition  as  stated 
^bove. 

For  «  =  /  we  have  the  case,  already  considered,  in  which 

^^e  o-Circle  lies  wholly  within  the  curve.     But  such  areas  as 

Wand,  Fig.  6,  belong  equally  to  this  case,  because  as  long  as 

^he  centre  C  is  within  the  curve,  the  curve  circumscribing  this 

Centre  one  or  more  times,  the  o-Circle  itself  is  virtually  within. 

This  will  be  seen  by  considering  that  for  the  area  MAND,  Fig.  6 
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the  clement  at  E  is  minus,  under  Case  III  of  the  table  of  signs  of 
THE  ELEMENTS,  and  that  therefore  the  area  must  equal  the  o-Cir- 
cle  plus  the  area  between  it  and  the  curve,  /.  ^.,  plus  that  por- 
tion between  the  circle  and  MAN  and  plus  the  minus  portion, 
also,  between  it  and  NDM.     This  will  be  explained  further  under 

FORMS  OF  AREA. 

For  the  case,  then,  where  ;/  =  /,  the  Needle-Point  C  being 
within  the  curve,  we  have 

A  ^  A^  -^  a  {R^"  -  R,")  =  A^  +  aR" 

or  =  ^0  +  (^3  -  ^i)  =  --^0  +  ^ 

according  to  the  graduation  of  the  wheel. 

For  ;/  =  o  the  Needle-Point  lies  outside  the  o-Circle  and  0 
returns  to  its  original  value.  While  0  increases  we  get  plus 
elementary  areas,  and  by  decreasing  0,  minus  ones,  the  area  con- 
sisting simply  of  the  algebraic  sum  of  these  areas,  as  may  be 
readily  seen,  and  as  will  be  further  shown  under  the  head  men- 
tioned, so  that  when  ;/  =  ^  we  have  simply 

A  =  a{R^"  -  R,")  =  aR" 
or  =  R,j  -  R  ^  =  R 

according  to  the  graduation. 

INITIAL    POSITION   OF   STYLUS 

It  is  to  be  remarked  that  in  making  a  circuit  of  any  area  it 
is  important  to  stop  the  Stylus  exactly  at  its  starting  point. 
Also  that  this  initial  or  starting  point  is  best  chosen  as  near  the 
o-Circle  as  possible,  where  the  elementary  areas  are  shortest,  or 
upon  it,  where  a  slight  inaccuracy  in  stopping  can  produce  no 
error. 

AREAS    AS    ANNULL 

We  may  regard  the  Measuring- Wheel  of  the  planimeter,  see 
Fig.  6,  as  driven  b\'  the  Measuring-Circle  CWj  by  means  of  a 
quarter-twist  belt,  running  upon  wheel  and  circle  as  upon  two 
pulleys  whose  shafts  are  at  right-angles  with  each  other,  and 
the  Mcasuring-Circlc  may  even  be  regarded  as  an  expanding 
pulley  to  allow  of  changes  of  radius   due  to  the   change  in  >^» 
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Ihe  line  WW^  is  the  centre  line  of  the  driving  side  of  this  belt, 
the  other  side  being  lacking.  In  fact,  if  the  sliding  of  the  paper 
past  the  wheel  in  the  direction  of  the  wheel-axis  be  neglected, 
the  paper  is  such  a  belt,  for  it  is  equally  proper  in  measuring 
an  area  to  suppose  that  the  paper  is  revolved  beneath  the  in- 
strument as  to  assume  that  the  instrument  revolves  upon  the 
paper.  Therefore,  as  shown  for  particular  cases  in  Figs.  12  and 
13,  the  wheel  simply  measures  the  mean  length  of  an  annulus, 
or  curved  strip,  whose  width  is  a  and  whose  area  is  the  area  of 
the  curve  less  that  of  the  o-Circle,  or  A  —  A^.  In  Figs.  21  and 
23  it  will  be  seen  also  that,  the  area  described  by  the  Stylus 
being  equal  to  zero,  the  wheel  measures  A^,  plus  or  minus  ac- 
cording to  the  way  the  instrument  revolves  about  C. 


Figure  ii.  Figure  13. 

The  area  of  the  O-Circle  appears  also  as  a  circular  area  plus 
an  annulus  or  as  an  annulus  alone.  Thus  its  value  may  be  writ- 
ten either 

•^0  =  'T^o^  =  n{c  ■\-  ii)'  —  J  7T(,-  +  l>)  ■,) 
or  Wo   =    n-r/   =  n{f  -  a)-   +  3  n  {c  -  />\  .a 

The  first  expression  consists  of  the  circular  area  described 
by  A  with  the  radius  c  +  it,  shown  in  Fig.  1 2,  minus  an  annulus 
or  curved  strip  whose  mean  length  ^  ar  (<■  +  /')  is  measured  by 
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the  wheel,  and  whose  width  is  a\  thus  A^^  consists  of  the  two 
shaded  areas  that  remain,  a  circle  and  an  annulus.  The  plani- 
meter is  here  represented  as  fully  open,  disregarding  the  fact 
that  it  may  not  be  possible  to  open  the  actual  instrument  thus 
far. 

In  Fig.  13  the  second  value  is  illustrated,  and  Aq  is  com- 
posed of  the  shaded  circle,  described  by  A  with  the  radius  c  —  a, 
plus  the  annulus  ,  of  length  2  7C(c  —  b)  and  width  a,  also  shaded, 
which  is  measured  by  the  wheel. 

In  both  figures  the  o-Circle  is  drawn  with  the  radius  r^  ob- 
tained from  the  equation. 

r^^  =  r»  -  ^3  ^.  {a  — by 

or  -  c^  +  a^     -  2ab ; 

both  of  these  are  simple  geometrical  values  from  the  geometrical 
figure  C  VjjBjjAq  of  Fig.  6,  which  is  here  shown  dotted.  Thus 
the  eye  may  easily  judge  of  the  correctness  of  the  values  of  A^ 
as  shown. 

In  both  figures,  also,  we  may  regard  ^^  as  made  up  of  the 
circle  described  by  the  Stylus  less  the  annulus  of  width  a  meas- 
ured by  the  wheel,  because  in  Fig.  13  the  wheel  will  revolve  in 
a  contrary  direction  from  Fig.  12,  and  thus  make  the  annulus 
itself  minus,  so  that  the  numerical  sum  will  result. 

When  the  Wheel- Plane  bisects  the  Measuring- Bar,  or 

a  =  2b 
the  outer  annulus  of  Fig.  12  and  the  intervening  one  of  Fig.  13 
disappear  and  leave  A^  as  a  circle  of  radius 

On  the  other  hand,  when  the  Wheel-Plane  in  Fig.  12  is 
placed  within  half  a  of  the  centre,  i.  e.  when 

b  =    --{c  -  \a) 
or  ii  =  2  {c  +  b) 

the  hole  in  the  annulus  measured  by  the  wheel  disappears,  leav- 
ing the  measured  area  a  circle  with  A^^  as  an  annulus  outside 
of  it. 
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ZERO-CIRCLE   AND    CO-ORDINATE   CONSTANT. 

In  further  comparison  of  the  planimeter  and  common 
systems  of  co-ordinates,  it  is  easy  to  show  the  similarity  between 
a  constant  of  the  rectangular  system  and  the  o-Circlc. 

Thus,  to  get  the  area  of  PYQ,  Fig.  14,  by  integration,  the 
line  PQ  should  first  be  expressed  by  its  equation 

;;/ 

X  =  — (j  —  //) 

Summing  now  the  infinitesimal  strips  x  long  by  {fy  wide, 

A  =   f  .tdj^  =  '^'  j  [y  -  ;/)  dy 

A-    „(V -"/)  +  - 
Putting  now  y  ^  2  n 


or 


which  requires 


^= =      -   {2n^  —  271^)   '\'C 

2  n   ^ 


_    mn 

"     2 


so  that  the  integration  does  not  give  the  correct  result  without 
the  addition  ol  the  shaded  triangle,  and  ftiny  be  regarded  as 
adding  together  only  those  strips  which  lie  above  it. 
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Figure  14. 


FiGURi:  i;. 


ALGEBRAIC  SIGN  OF  THE  ZKKO-CI  KCLi:. 

The  area  A^  may  have  either  sign  or  be  ccjual  to  zero  ac- 
cording to  the  values  of  the  Instrumental  Constants  a,  b  and  c 
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Not  only  may  the  area  of  the  o-Circle,  as  already  shown,  appear 
in  forms  other  than  a  circle,  but  in  many  cases  it  docs  not  exist 
as  a  circle  that  can  be  described  by  the  Stylus,  there  being  no 
position  of  the  instrument  for  which  the  Wheel-Plane  passes 
through  the  Nccdle-Point. 

The  generality  of  what  follows  will  not  in  the  least  be  af- 
fected by  restricting  the  length  of  the  Measuring-Bar  to  unity. 
Putting  an  extra  subscript  to  the  area  to  indicate  this  the  form- 
ula for  the  area  of  the  o-Circle : 

Aq    =  n  (c^  +  /72  —  2ab) 
becomes  Aq<^  =  tt  (^ 3  -|-  /  —  2d) 

from  which  it  appears  that  when 

2b>  c^  +  /,      /Jqi  is  minus; 
when  2b  =  c^  +  I,      A^^  =  o\ 

and  when  2b  <.c^  +  /,      A^^  is  plus  ; 

which  are  the  Criteria  for  Algebraic  Signs. 

The  sign  of  c  disappears  in  squaring  so  that  c  may  always  be 
regarded  as  plus. 

Therefore  to  have  a  plus  o-Circlc  b  must  lie  between  —  x 
and  half  oi  c-+  i 

All  plus  o-Circles  are  not,  however,  instrumentally  possible ,  /. 
e.y  there  may  be  no  position  of  the  instrument  such  that  the 
Stylus  can  describe  the  circle  with  the  Wheel-Plane  passing 
through  C. 

The  Criterion  for  histnanental  Possibility  is : 

/.  €.,  b  must  be  numerically  less  than  c. 

Comparing  this  with  the  first  Criterion  for  Signs  it  is  seen 
that  all  minus  o-Circlcs  require  b  to  be  greater  than  half  of  c- 
■f  7,  and  consequently  greater  than  c\  inasmuch  as  half  of  r-  -f 
I  =  c  for  ('  =  /  and  is  greater  than  e  for  all  other  values.  This 
might  also  be  anticipated  from  the  fact  that  the  radius, 

ro  =  v/  .io  -^  \^  TT  , 
becomes  imaginary  when  A^  is  minus. 
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Th^  graph  of  the  Criteria,  Fig.  15,  shows  what  plus  circles 
are  instrumentally  possible.  Thus  for  any  point  on  the  parabola 
c^  ^  2b  —  /,  and  for  this  relation  between  b  and  c  the  o-Circle 
disappears.  The  region  within  the  parabola  is  the  region  of 
minus  circles,  and  without,  that  of  plus  circles.  The  region  of 
Instrumental  Possibility  lies  between  the  two  lines  c  ^  b  and  c  = 
—  b.  The  upper  one  of  these  lines  touches  the  parabola  at 
c  =  b  =:  I ,  for  which  point  the  circle  has  a  differential  radius 
and  is  instrumentally  possible.  The  figures  at  the  different 
points  marked  by  dots,  mostly  at  integral  values  of  b  and  r,  are 
the  calculated  values  of  Tq*  for  these  values  of  the  co-ordinates, 
and  it  will  be  seen  that  the  locus  of  b  and  c  for  any  particular 
value  of  Aq  is  a  parabola,  as  shown  dotted  for  rQ*  =  5,  all  sucii 
parabolas  being  alike  and  uniformly  spaced  along  B'B. 

INSTRUMENTAL  PROPORTIONS. 

It  will  be  interesting  to  note  the  results  of  a  few  particular 
relations  between  the  Instrumental  Constants.  In  doing  so  c 
will  still  be  regarded  as  plus,  and  a  as  the  natural  unit  of  the 
instrument,  which  will  be  represented  in  simple  special  posi- 
tions, A  being  supposed  to  make  one  complete  circuit  of  the 
different  circular  areas  shown. 

Case  I.     a=:i;c  =  b  =  o. 

This  supposition  is  illustrated  in  V'lg.  16,  and  corresponds  to 
the  origin  of  co-ordinates  in  Fig.  1 5.  It  is  a  more  elegant  supposi- 
tion to  make  VC,  the  Radius-Bar,  of  infinitesimal  length  in  order 
that  the  instrument  may  retain  all  its  parts,  with  the  angles  0  and 
P,  and  be  governed  by  the  same  laws  as  have  been  formulated. 
The  result  is  the  same,  however,  as  to  the  capacity  of  the 
instrument,  which  is  now  restricted  to  the  measurement  of  a 
circle  of  radius  a .  As  the  Wheel- Plane  passes  through  C  the 
vviieel  does  not  revolve  and  the  formula  becomes  for  //  =   i, 

A   =   A^^   -j-   K  =   ./^,    =    TT  , 

so  that  the  radius  r^  is  a  =  unity,  or  r„-   =  /,  as  indicated  in 
Fig.  15,  and  A  traces  the  o-Circlc. 
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In  tracing  the  circle  we  must  regard  the  value  oi  p  as  con- 
stant, so  that  the  infinitesimal  Radius-Bar  also  revolves,  the 
instrument  revolving  as  a  whole  around  C,  otherwise  Prop.  III. 
will  be  violated,  inasmuch  as  /3  will  not  return  to  its  initial 
value  while  0  will,  thus  making  n  =  a  and  eliminating  the 
o-Circle  from  the  value  of  A.  The  importance  of  this  will  still 
further  appear  when  we  discuss  Figs.  39  and  40. 


1  louRE   6  Figure  17. 

Case//.  a=r;  2b=  —3,1  and  2;  c  =  o. 
For  these  values  r,*=j,  o  and—/  times  n,  respectively,  as 
may  be  seen  in  Fig.  1 5.  These  three  cases  arc  shown  in  Fig. 
17,  combined  in  one  planimeter,  whose  Radius-Bar  is  infinitesi- 
mal and  whose  Measuring-Bar  is  furnished  with  the  three  wheels 
Wj,  W  and  W,,  each  measuring  off  a  distance  as  the  instrument 
revolves.  For^=/,  W,  evidently  measures  off  the  circumfer- 
ence described  by  A;  for  2b  =  /,  it  measures  half  thatdistance, 
or  the  circumference  of  the  smaller  circle;  and  for  b=  —z,  it 
measures  the  larger  circle  in  the  minus  direction.    Therefore  in 

A  =  ?tA^  +/i 
11  =  i :  R  =  —  2it,itoi  2-t  and  A  =  Tt,  from  which  there  results  f  or 
A^  the  respective  values 

-4o=?^,<jaml  -n, 
as  already  stated. 

The  reason  for  ihc  plus  and  minus  values  of  A^  is  clear 
when  it  is  seen  tliat  when  l>  is  half  of  ii  the  wheel  measures  off 
the  ineaii,  or  middle,  Icn^ih  of  a  circular  strip  or  annulus  of 
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width  a,  in  which  light  the  circular  area  may  be  regarded. 
Movipg  the  wheel  to  the  right  causes  tt  to  measure  off  too 
much,  so  that  the  result  needs  to  have  a  minus  Zero-Circle  to 
correct  it,  whileif  the  wheel  be  placed  farther  to  the  left  its 
Reading  will  be  diminished,  and  even  made  minus,  so  that  a 
plus  circle  is  needed.  These  Zero-Circles  cannot,  however,  be 
drawn  with  the  instrument. 

It  should  also  be  observed  that  the  particular  value,  3b  =  iu 
has  been  used  in  Fig.  5.  and  referred  to  under  areas  as  ansuli. 


Figure  20. 


Figure  19. 


Figure  tS, 


Case  III.     a=  I ;  b=  _r.  o  and  c ;  c  < c  <  oc  . 
These  suppositions  are  shuwn  in  Figs.  iS,  19,  and  20.    It  is 
evident  that  here  the  wheel  will  not  turn,  so  Ihat  A'  will  disap- 
pear from  the  formula,  leaving  for  «=  /, 
A  =  Aa. 
These   three   figures   illustrate   the   case  of    Instrumental 
Possibility.     For  J^=  — ^,  o  and  ^,  as  shown,  the  areas  of  the 
o- Circle  are  respectively,  as  may  also  be  seen  in  Fig.  15, 

A,=J-^n.'J-n     and        '-n, 
9  9 


the;  radii  beii 


,ng 


^Hich  here 


■>^i-  +(/^  and  < 
-''-         and 


A  less  value  for  b  than  —c  throws  the  wheel  to  the  k-ft  of 
*»i  Fig.  18  and  makes  the  Rcadin^j  minus,  so  that  a  o-CircUr 
greater  and  greater  area  is  needed  as  b  decreases,     lit  I'ig. 
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20,  however,  positions  of  the  wheel  to  the  left  of  C  give  plus 
Readings,  and  as  these  increase  with  increase  of  h  the  O-Circlc 
must  diminish  to  zero  and  then  become  minus. 


Figure  21.  Figure  22. 

Case  IV.    a=i;  2b  =  —i,  1,  2,  andj;  c  =  i. 
For  b  =  i  this  is  a  special  case  of  the  preceding.     As  c=a 
the  Stylus  describes  an  infinitesimal  circle  when  the  instrument 
is  closed,  consequently  the  O-Circle  must  have  such  an  area  as 
will  neutralize  the  Reading  of  the  wheel.   For  the  first  two  val- 
ues of  b  the  Reading  will  be  minus,  for  the  third  it  will  be  zero, 
and  for  the  fourth,  plus.     This  can  be  seen  in  Figs.  2i  and  22, 
each  of  which  shows  a  planimeter  with  two  wheels  on  its  Meas- 
uring-Bar, corresponding  with  two  of  the  above  values  of  b. 
Comparing  these  with  Fig.  15,  it  appears  that  when 
2h=  —1,      R=  —  ?T  and  A^=j'r 
2b=     I,      R=  —   'rand/i(,=   n 
3b=     2,      R=-        o  and^|,=  o 
2b=    J,      R=       -It  and/ifl=    —it 
In  the  closed  po.siUons  shown  ^=180"  and  A  is  in  position 
to  describe  the  zero  o-Circ!e  for  b=  r.  as  illustrated  by  tin:  right- 
hand  wheel  in  Fig.  21.     Tlic  di.stance  of  the  left-hand  wheel 
from  V  is  i  =  ininus  one-half,  and  the  corresponding  o-Circle  is 
drawn  with  a  radius  r  =  %//and  shaded  below   the  horizontal 
diameter.     Above  this  the  shading  is  ajiplicd  to  the  annulus 
measured  bj'  the  wheel,  of  length  jti  and  width  a,  and  there- 
fore having  the  same  area  numerically  ;is  the  o-Circlc. 
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In  Fig.  22  the  wheels,  at  ^=  one-half  and  ^  =  three-halves, 

ive  the  same  readings  with  opposite  signs.     The   left-hand 

heel  gives  the  minus  reading  and  the  corresponding  plus  o- 

ircle  is  shown.     This  circle  may  be  regarded  as  an  annuliis  of 

idth  //,  with  an   infinitesimal  hole  at   the  centre  C,  and   the 

heel  measures  its  mean  length  n  in  a  negative  direction.    The 

ght-hand  wheel  also  measures  this  annulus.  hut  in  a  positive 

irection;  so  that,  although  the  o-Circle.  being  minus,  cannot  be 

rawn,  its  area  clearly  enough  exists.     The  positions  of  the 

m-^strument,  with   Wheel-Plane  passing  through  C.  and  Stylus 

pon  the  o-Circles  at  Aj  and  A^,,  are  shown  dotted. 

Case  l\     t  ==  oc . 
Coffin  s  Averaging   Instrument. 
This  case  is  the  basis  of  a  modification  of  the   planimeter, 
i  n  which  the  Radius-Bar  disappears  and  is  replaced  by  a  rectilin- 
^-^^ir  groove  in  a  metal    plate.      This  is  seen  at  the  left  of  Fig. 
^3  in  a  vertical  position  ;  it  corresponds  with  a  portion  of  the 
*^ow  infinite  0-Circle,  and  is  represented  in  Fig.  24  by  the  line 
^^N.     The  Hinge  is  nothing  more  than  a  conically  pointed  pin  at 
^ ,  which  runs  in  the  groove  ;  it  is  mostly  concealed  in   the  fig- 
VI  re,  however,  by  the  weight  which  is  placed  over  it  to  keep  it 
ill  better  contact  with  the  sides  of  the  groove. 

In  using  this  instrument,  n  is  always  zero,  so  that  A^,  now 

i nfinite,  disappears  from  the  formula.     In   Fig.  23  it  is  shown 

Engaged  upon  an  area  placed  in  such  a  position  that  part  of  its 

boundary  is  on  the  o-Circle  ;  if,  then,  after  the  circuit  of  the 

boundary  has  been  made,  and  the  final  Reading  R.^  noted,  the 

Stylus  be  placed  at   M,  with  the   reading  A\,    unchanged,  and 

nioved  up  along  the  metal  guiding-strip  until   R,^  returns  again 

at   N   to  the  initial   reading,  ^j.  the  distance  MN  will   be  the 

Width,  or  height,  of  a  rectangle  of  the  same  length  and  area  as 

the  curve,  so  that  MN  is  the  7nean  height oi  the  curved  area.     If 

this  area  is  an  indicator-card,  the  vertical  ordinates  of  which 

represent  pressures,  then  MN  will  be  the  mean  pressure. 
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Ill  Fifj.  24  lliu  area  shown  is  circular,  and  the  luft- 
liiind  jiart  of  it  would  be  impracticable  for  an  actual 
instrument.  Theoretically,  however,  such  an  area  can 
be  measured;  but  while  DMA  may  be  desciibed  with  V  stationary 
at  the  centre  of  the  circle,  AND  must  be  passed  over  in  the  man- 
ner shown  by  the  dotted  position  of  the  Measurinfj-Har.  so  that 
/3  xnw  return  \o  its  initial  value. 
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MEAN-WIDTH    PLAMMETKR. 

The  Mean-Width,  or  Mean-Pressure.  Planimcter  shown  in 
Fig.  23  depends  for  its  action  on  the 
fact  that,  on  account  of  the  infinite 
value  of  f,  the  co-ordinate  system  of 
the  planimeter  degenerates  into  the  ^ 
common  rectangular  system  with  el- 
ementary strips  of  uniform  width,  so 
that  the  rectangle.  Fig.  23,  being 
made  up  of  such  elements,  is  meas- 
ured by  the  wheel  as  the  Stylus 
passes  over  the  line  NM  . 


Fkr're  24. 


Although  in  an  ordinary  planimeter  the  elements  are  of 
such  a  shape  that  a  rectangle  cannot  be  formed  of  them,  the  in- 
strument may  yet  be  made  into  a  Mean-Width   Planimeter  by 
giving  it  an  adjustable  Measuring-Bar.     Thus  the  instrument 
shown  in  Fig.  2  is  made  so  that  the  Measiiring-Biir  may  be  al- 
tered in  length  by  sliding  it  through  the  frame  holding  the  Meas- 
uring-Wheel.   The  two  points  projecting  upward  arc  placed,  one 
on  this  frame  and  one  on  the  bar,  so  that  their  distance  apart  is 
equal  to  the  length  a  of  the  latter,  and  the  slow-motion  screw 
and  clamp  at  the  extreme  left  of  tiie  bar  furnisii  a  means  of 
adjusting  the  length  with  precision. 

Now  it  is  evident  from  the  general  equation  for  an  area 
that  \{a  be  made  equal  to  the  lenp^lh  thereof  we  shall  have: 

Mean  width  =^  A  ^  a  ^  u  A*"  -f-  //  =  R"  \ 
^^  that  the  difference  /e"  of  the  Readinirs  A\/'  and  A\  "  is  thus 
niadc  to  give  directly  the  mean  width  of  the  area  in  inches. 

The  adjustable  Measuring-Bar  is  also  utilized  to  a(laj)t  the 

P'^'^^'nieter  to  different  units  of  measure,  and   the   fiijures  seen 

^n^raved  upon  the  bar  in  Fi^.  2   fiicilit.ite  such  an  adjustment. 

'^-  ^5  shows  this  graduation  more  plainly,  and    Fit^.  j6  is  the 

I    creiit  graduation  of  a  similar  instrument.     The  explanation 

^  graduations  will  now  be  ^iven. 
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PLANIMETRIC  UNITS. 

It  has  already  been  stated  that  a  is  the  natural  linear  unit, 
or  unit  of  length,  for  the  instrument;  it  has,  however,  for  a  subor- 
dinate linear  unit,  or  unit  of  breadth,  the  circumference  w  of  the 
Measuring-Wheel,  and  the  rectangle  of  these  two  linear  units  is 
the  natural  U7iit  of  area. 


E 


/P.6dJ  19.79€  ZO.063  21.30S 


1 


PUm 


Figure  25, 

When  the  Measuring-Bar  is  set  so  that  the  vertical  line  on 
the  **  elevation"  marked  "  10  D  in"  agrees  with  a  line  on  the 
right-hand  end  of  the  wheel-frame,  nearly  over  the  Hfiige, 

a  =  4  inches 
very  nearly,  so  that  in  Fig.  25,  were  the  whole  of  the  Measuring- 
Bar  shown,  the  Stylus  would  be  not  far  from  four  inches  to  the 
right  of  this  vertical  line. 

The  fixed  constants  for  this  instrument  are  very  nearly 

/^  =   —  1.3  inches 
c  =  6.^2  inches. 
or,  say  c-  =jg-S 

and  the  circumference  of  the  Measuring- W^heel 

w  =  2.3  inches, 
so  that  the  unit  of  area  for  this  setting  of  the  Measuring-Bar  is 

a  IV  =  7  X  2.3  —  10  u  in. 
as  marked  beside  the  vertical  line.     The  area  of  the  o-Circle  is 

A^^  n  {a^  -h  r-—  2ab) 

=  3.1416  {16  -h  jg.8  -{-  12  =  67.8) 
=  21  J    D  ///.  =  2 1. J  aiv. 
This  number  is  marked  on  the   **  plan"  above  the  vertical  line. 


Amslers  Planimctcr.  yj 

When  an  area  is  measured  the  readings  R^  R^  must  be  ex- 
pressed as  so  many  revolutions  and  parts  thereof,  /.  e., 
as  so  many  times  w;  R  will  then  be  similarly  expressed.  If, 
now,  the  Needle- Point  C  is  within  the  curve,  so  that  A^  is  to  be 
added  to  R^  it  also  must  be  expressed  in  terms  of  w^  and  there 
results,  when  C  is  without, 

A^  R, 
and  A  ^  A^  -Y  R  =  2i,j  -f  R 

when  C  is  within,  all  in  terms  of  the  natural  square  unit  aw, 

so  that  aw  {A-Aq-\-R)=  area  i?i  D inches, 

* 

Thus  it  appears,  that  instead  of  engraving  upon  the 
Measuring-Bar  the  area  of  the  o-Circle  as  213  sq.  in.,  it  is  quite 
correct  to  express  it  as  ^/.?  aw,  and  it  will  be  found  that  by  so 
doing  there  is  a  gain  in  convenience. 

The  next  line  is  one  inch  farther  to  the  left,  or  not  far  from 
live  inches  to  the  left  of  the  Stylus,  and  is  accompanied  by  the 
double  legend  ''800  D '  >^  =  i','*  and  "  500  '  >^  =  i',"  which  is  to 
a  certain  extent  ambiguous  and  incorrect,  as  will  be  seen. 

Here  ^=5  inches 

and  aiv  =  I2,§  n  inches, 

-But  one  square  inch  equals  four  square  half-inches  or  sixty- four 
square  eighth-inches,  therefore 

aw  =  12.^  x6^  =  800  D  eighth-inches, 
or  =  72.5  X  ^  =  50  D  half-inches, 

'•  ^'- ,  the  area /22£;  measured  bv  one  revolution  of  the  wheel  is 
^q  1^1  alto  (Joo  squares  one-eighth  of  an  inch  on  the  side  or  50 
^9*^1  ares  one  half-inch  on  the  side.  The  legends  should  there- 
^o*"^  preferably  read  "  800U  Mi""  and  "50  D  3^","  omitting  the 


"  '  *•  and  the  •*=!'." 

Also,  the  area  of  this  o-Circle  is 

A^=  7r(a-'j-c'^—2a/?) 

= J. 1^16  {jj-{-jc;.S-[-/s  =  7(^-8 ) 
=  2J0.I   D  /;/. 
^^viding  this  by  the  unit  a7i',  i.  e.,  b\'   u.j  sq.  in.,  there   results 
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the  area  of  the  Zero-Circle  expressed  in  natural  units, 

A  Q=^  20,06  aw, 
which  is  the  number  engraved  on  the  upper  side  of  the  bar. 

When  an  area  has  been  measured  and  R  obtained,  it  will  be 
so  many  revolutions  and  parts  thereof,  and  will  therefore  mean 
that  the  curve,  when  C  lies  without,  contains  awR  units  of 
area,  1.  ^.,  12.^  R  square  inches,  or  50  R  D  half-inches,  or  800  R 
square  eighth-inches.  To  this  must  be  added,  when  C  lies  within, 
the  20.06  units  of  area  of  the  o-Circle,  thus  giving  for  C  without: 

A  =  R 
and  for  C  within: 

A  =  Aq^-R=^  20.06^  R 
all  in  the  natural  square  unit  aw  =  I2.§  sq.  in.,  so  that 

a7v{A^AQ-YR)^ 
12.^  {20.06 -{■R)  =  area  in  u  inches, 
or  ^o  ( 20.06 -{-R)  =  area  in  ulialf -inches 

or  800  (20.06 ■]-R)=  area  in  ueighth-inclus. 

The  object  of  the  legends,  as  thev  appear,  is  simply  to  sug- 
gest that  if  the  area  measured  happens  to  be  on  some  plan  or 
map,  the  scale  of  which  is  either  one  eighth  or  one  half-inch 
to  the  foot,  so  that  the  actual  size  of  the  plan  is  either  twenty- 
four  or  ninety-six  times  smaller  than  the  size  of  the  actual  field 
or  other  surface  represented  by  the  plan,  then  the  number  of 
square  feet  in  the  actual  field  is  the  same  as  the  number  of 
square  half-inches  or  square  eighth -inches  in  the  plan,  and  that 
therefore  the  area  of  the  actual  field  is  either 

50  {20.06 -\-R) 
or  800  {20.o6-\- R). 

The  simplified  legend  above  suggested  is,  however,  all  that 
is  necessary,  because  any  other  reduction  may  without  error  be 
substituted  for  the  one  given,  thus  if  the  map  is  drawn  to  the 
scale  of  one  half  or  one  eighth-inch  to  the  yard  or  rod,  the 
above  expressions  give  the  number  of  square  yards  or  square 
rods  in  the  field. 
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But  the  legend  may  advantageously,  perhaps,  be  further 
simplified,  and  thus  generalized,  by  noticing  that  any  scale  can 
be  expressed  as  one  inch  to  something,  thus:  half  or  one-eighth 
of  an  inch  per  foot  is  one  inch  to  two  feet  or  eight  feet,  so  that 
the  legend  might  be  simply  "  12.5  n  in."    The  area 

aw  A  =  aw  {A^-\-R) 

=  12,5  {20.06  +-^)  D  in. 
of  the  map  is  therefore  also  the  actual  area  of  the  field  ex- 
pressed in  square  fields  of  either  two  or  eight  feet  on  the  side, 
according  to  the  scale, and  this  area  is  to  be  expressed  in  square 
feet  by  the  ordioary  rule  for  such  cases,  1.  e.,  by  multiplying  by 
2*  or  by  <?*,  the  numbers  in  the  actual  legend  being  nothing 
more  than  12.^x8*  and  12.^x2^. 

The  next  vertical  line  is  five-eighths  of  an  inch  farther  to 
left,  so  that 

a  =  S'^^5  inches 
^nd  aw  =  14.06  D  ///., 

'vrhich  is  the  simplified  legend; 

c^r  =  14.06  X  <?*  -Hj*  =  100  D  three-eighths  in., 

/-  e.,  100  squares  three-eighths  of  an  inch  on  the  side,  which  is 
-the  meaning  of  the  legend  as  it  stands. 
The  area  of  the  Zero-Circle  is 

A^^n  {d^-\-c^—2  ab) 

=  3. 1 416  (31.64  ■\-3g.8-\- 16.87)  =  277.^  D  />/., 
or,    dividing  by  aw, 

A  0  =  ig.74  aw, 
which  is  engraved  upon  the  upper  face  of  the  bar. 
For  the  next  vertical 

a^  6.2  in., 
"^^^  aiv  =  75.5  D  in. 

=  7  D  dcm, 
wnieh  is  the  legend.     The  extreme  end  of  the  wheel-frame  is 
sn(>A\'n  at  the  left  in  Fig.  25,  and  this  vertical  appears  in  coinci- 
dence with  the  setting-mark  upon  the  frame. 
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Also,  the  area  of  the  Zero-Circle 

=  3.1 416  {3844  +J9.<?+ 18,6)  ^3044  D  f>l. 
=  ig,63  aw 
which  is  seen  upon  the  bar. 

For  the  vertical  line  to  the  right 

a  =  I. finches 
and  aw  =  6.2^  D  inches 

or  =  d.25  X  ^*  =  100  C  quarter-inches^ 

which  is  the  legend  upon  the  bar. 

Also,  the  area  of  the  Zero-Circle 

A^  =  n{a^-\-c^-^2ab) 

=3.1416  {6.23 '\-3g,8-\-7,5)^  168.3 uin. 
=  26.Q3  aw. 

An  examination  of  the  legends,  which  can  be  seen  upon 
the  Measuring-Bar  of  the  planimeter  in  Fig.  2,  may  show  some 
slight  variations  from  the  values  which  have  just  been  calcu- 
lated. Fig.  25  with  the  Instrumental  Constants  used  above 
were  possibly  not  taken  from  the  instrument  shown,  but  from 
a  duplicate,  which  can  scarcely  be  expected  'to  have  exactly 
the  same  constants  as  the  other. 

The  Measuring- Har,  too,  is  not  set  to  correspond  with  a 
legend,  but  is  supposed  to  be  adjusted  to  a  special  length. 

It  should  also  be  borne  in  mind  that  the  instrument  is  liable 
to  injury,  which  may  render  the  legends  inexact;  indeed,  for 
accurate  work,  they  should  be  carefully  tested. 

The  graduation  shown  in  Fig.  26  may  be  verified  in  the 
same  manner  after  obtaining  the  Instrumental  Constants  from  the 
instrument  itself.  Inasmuch  as  the  wheel  is  of  a  slightly  differ- 
ent diameter,  the  lines  do  not  correspond  exactly  with  those  in 
Fig.  25.  The  unit  of  breadth  in  this  instrument  has  been  taken 
as  w-^iooo,  which  corresponds  with  the  unit  of  the  vernier,  in- 
asmuch as  the  wheel  is  divided  into  one-hundred  parts,  and  the 
vernier  divides  each  part  by  ten.     This  makes  the  natural  unit 
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of  area  a  thousand  times  smaller  than  in  Fig.  25,  so  that  instead 
of  "  10  D  !>!•,"  "  /  D  dent,''  etc.,  we  have  the  one-thousandth  part 
of  those  units,  or  "  .0/  a  i/i.,"  10  a  ;«w,  etc. 

The  values  of  Aq,  however,  being  now  expressed  in  smaller 
units,  appear,  roughly  speaking,  one  thousand  times  greater. 

The  legend  "  ,002  ac  i  :  1000  "  means  that  for  that  value  of 
a,  the  unit  of  area  of  the  instrument,  or  aw -^  1000,  is  two  one- 
thousandths  of  the  thousandth  part  of  an  acre.  1.  r.,  two  one- 

millionths  of  an  acre. 
^ |L 
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Figure  26. 
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SYMMETRICAL   STYLUS. 

The  ordinary  Stylus,  in  the  form  of  a  conical  point,  has  the 
disadvantage  that  it  interferes  with  a  complete  and  symmetri- 
cal view  of  the  boundary  line.  To  obviate  this  difficulty  in  a 
series  of  accurate  measurements  of  test  areas,  Professor  I).  S. 
J-ACOBUS  has  devised  and  made  use  of  a  transparent  St>'lus.  This 
>s  shown  in  section  in  the  elevation  Fig.  26,  some  three  inches 
^f  the  Measuring-Bar  being  broken  away  to  bring  it  within  the 
limits  of  the  drawing. 

As  may  be  seen,  the  point  of  the  Stylus  is  replaced  by  a 
S'ass  disc  A,  with  a  suitable  mark  upon  it,  and  the  vision  is  still 
"^rthcr  assisted  by  the  lens  L.  A'  shows  such  a  mark  in  plan, 
^^^  dotted  line  representing  a  portion  of  the  boundary  as  seen 
beneath  it.  This  unobstructed,  symmetrical,  and  magnified  view 
^"^t>les  the  operator  to  follow  the  boundary  with  an  exactness 
unattainable  with  the  ordinary  Stylus. 

When  the  lower  side  of  the  glass  disc  is  flat  it  becomes 
^^""^^what  scratched  by  use,  and  it  might  therefore  be  better  to 
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make  it  of  such  a  shape  as  to  avoid  this.  Thus  the  lower  face 
might  be  ground  more  or  less  conical,  so  that  only  the  central 
point  could  come  in  contact  with  the  paper.  The  lower  face 
of  the  disc  might  also  be  made  slightly  convex,  with  the  cen- 
tral portion  somewhat  concave,  leaving  a  ring  in  contact  with 
the  paper  just  outside  of  the  small  circle  and  dot  shown  at  A'. 


ARGON— THE    NEW    ELEMENT. 

BY    PRESIDENT    HENRY    MORTON. 

IN  a  paper  recently  presented  to  the  Royal  Society  by  Lord 
Rayleigh  and  Prof.  Ramsay,  there  was  announced  the  dis- 
covery of  a  new  element,  existing  as  a  constituent  gas  of  the 
ordinary  atmosphere. 

Attention  was  first  directed  to  the  line  of  research  which 
led  to  this  discovery  by  observing  that  the  density  of  nitrogen 
gas  prepared  from  the  atmospheric  air  by  processes  involving 
the  absorption  of  everything  else  was  always  greater  (by  about 
Yz  per  cent.)  than  that  of  the  same  gas  when  obtained  by  de- 
composing chemical  compounds  containing  it. 

Precautions  having  been  taken  and  experiments  made 
which  excluded  the  presence  of  accidental  impurities,  the  only 
solution  remaining  was  the  assumption  that  in  the  atmosphere 
there  was  present,  in  addition  to  its  heretofore  known  constitu- 
ents, a  new  gas,  heavier  than  nitrogen,  but  so  far  resembling  it 
in  properties  as  to  accompany  it  and  remain  with  it  when  it  ran 
the  gauntlet  of  the  various  absorbents. 

The  next  thing  was  to  separate  this  close  companionship 
and  secure  the  new  elemental  gas  in  a  free  or  separated  state. 

This  separation  was  effected  in  two  ways: 
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1st.  By  passing  nitrogen,  obtained  from  air  by  absorption 
of  oxygen  and  all  other  known  constituents,  over  red-hot  mag- 
nesium, which  absorbs  the  nitrogen  but  does  not  act  on  the 
new  element. 

2d.  By  removing  the  nitrogen  from  air  by  exposing  it,  in 
presence  of  excess  of  oxygen  and  an  alkali,  to  a  continued  dis- 
charge of  electric  sparks.     Curiously  enough,  this  method  was 
employed  by  Cavendish  in  1785  (see  Philosophical  Transactions 
of  the  Royal  Society  for  1785,  p.  372);  and  he  found  a  residual 
portion  of  gas  left,  which  he  could  only  account  for  as  an  acci- 
<Jent  of  the  experiment,  such  as  lack  of  purity  in  materials  or 
^he  like. 

The  same  explanation  has  been  given  down  to  the  present 
t:ime,  although,  as  would  now  appear,  Cavendish  had  actually 
isolated  the  new  element  in  1785. 

The  most  characteristic  property  of  the  new  element  seems 
t-O  be  its  inertness  or  absence  of  affinity  for  any  other  sub- 
s  tance. 

Nitrogen  has  been  regarded  as  the  leading  element  in  this 
ciirection,  as  is  implied  in  its  French  name,  "Azote,"  which  ap- 
pears also   in   English  and  in    many  derived    English  words, 
•>iich  as  **azotized,'*  ** azotic "  ;  but  llie  new  element,  which  has 
V>een  named  Argon,  far  surpasses  nitrogen  in  its  negative  char- 
acter.    In  fact,  so  far  it  has  been  found  impossible  to  combine 
it  with  anything,  and  therefore  the  determination  of  its  molec- 
ular or  atomic  weights  by  direct  means  is  impossible  at  present. 
It  is,  however,  estimated  that  its  atomic  weight  may  be 
either  20  or  40,  its  specific  gravity,  compared  with  hydrogen  as 
^nity,  being  19.9. 

Its  solubility  in  water  is  about  two  and  one-half  times  as 
great  as  that  of  nitrogen.  Its  spectrum  under  the  electric  dis- 
charge is  distinctive,  and  is  different  in  a  marked  degree  from 
that  of  nitrogen. 

As  reported  so  far,  the  conditions   of  its   liquefaction  by 

cold  and  pressure  do  not  greatly  differ  from  those  of  nitrogen. 

It  is  certainly  remarkable  that  a  substance  existing   in  the 

atmosphere  in  appreciable  proportions,  and  constituting,  in  the 

^K^egate,  an    enormous    quantity,   should    have    escaped    all 

.  recognition  until  the  present  time. 


TESTS  OF  AUTOMATIC  SPRINKLER  HEADS. 

SECOND    PAPER. 
BY    PROFESSOR    D.  S.  JACOBUS. 

AT  the  close  of  the  first  paper  on  this  subject  mention  was 
made  of  tests  of  heads  that  had  been  in  use  for  a  consid- 
erable period  of  time.  Many  tests  of  this  kind  have  been  made 
by  us.  which  indicate,  as  stated  in  the  first  paper,  that  various 
defects  are  found  in  old  heads  which  do  not  exist  in  heads  which 
are  new.     The  defects,  as  already  stated,  are: 

1st.  The  failure  of  the  releasing  device  to  open  in  heads 
which  rely  in  a  great  measure  on  the  elasticity  of  the  brass 
frame,  or  other  stiff  brass  pieces,  to  throw  apart  the  solder  joint 
after  the  solder  has  melted. 

2d.  Corrosion  at  the  valve  and  seat,  which  may  cause  the 
valve  to  stick  to  the  seat  after  the  solder  joint  has  melted  and 
the  releasing  device  has  opened. 

3d.  The  sprinklers  may  open  of  their  own  accord  without 
the  application  of  heat. 

In  addition  to  the  above  defects,  it  is  sometimes  found  that 
the  fusible  solder  hardens  with  age.  These  conclusions  were 
drawn  from  the  results  of  tests  made  at  various  times  during  a 
number  of  years,  and,  as  they  tended  to  show  that  an  automatic 
fire  sprinkler  may  be  a  very  unreliable  device,  we  made  the 
suggestion  to  the  New  \'ork  Hoard  of  F'ire  Underwriters  that  a 
number  of  old  sprinkler  heads  of  different  patterns  be  taken  from 
various  plants  and  forwarded  to  us  for  testing.  These  tests  are 
now  under  way,  and  the  results  of  those  already  completed 
show  that  many  heads  are  extremely  unreliable  after  they  have 
become  corroded. 
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Before  receiving  the  old  heads  forwarded  to  us  by  the  New 
York  Board,  we  made  a  series  of  tests  on  a  number  of  old  heads 
that  were  in  our  possession.  Some  of  the  heads  were  corroded 
and  others  were  not.  The  most  instructive  results  were  obtained 
from  a  series  of  tests  on  heads  that  had  been  exposed  to  cir- 
cumstances which,  in  most  cases,  produced  severe  corrosion. 
We  will,  therefore,  consider  the  results  of  this  scries  only. 

The  sprinkler  heads  on  which  this  series  of  tests  were  made 
had  been  connected  to  piping  and  subjected  to  corrosion  for 
from  four  to  nearly  seven  years.  The  piping  to  which  these 
heads  were  connected  was  in  short  lengths,  which  were  filled 
with  water  and  with  salt  and  water. 

During  the  interval  that  the  heads  were  subjected  to  corro- 
sion many  opened  of  their  own  accord  without  the  application 
of  heat,  and  in  others  pieces  of  the  releasing  device  had  become 
bent  out  of  shape. 

All  the  heads  which  had  not  opened  of  their  own  accord 
were  tested  by  placing  them  in  an  oven  which  was  heated  by  a 
large  Bunsen  gas-burner,  as  explained  in  the  first  paper;  but, 
instead  of  maintaining  the  oven  at  a  constant  temperature  and 
noting  the  time  required  to  set  off  the  heads,  which  gives  a 
measure  of  their  relative  sensitiveness,  they  were  heated  gradu- 
ally to  the  temperature  of  about  380"   Fahr.,  in  order  to  copy 
more  nearly  the  conditions  which  exist  in  the  case  of  a  fire. 
The  oven  was  heated  at  such  a  rate  that  the  maximum  temper- 
ature was  reached  in  about    four  minutes.     The  pressure  of 
water  on  the  sprinkler  heads  was  that  equivalent  to   10  feet  of 
^ead.    The  oven  was  maintained  at  the  maximum  temperature 
until  the  head  opened  or  until  1 5  minutes  had  elapsed,  which  dem- 
onstrated that  the  head  was  defective.     At  the  end  of  this  time 
the  water-pressure  was  increased  until  the  sprinkler  head  opened, 
or  until  it  reached  the  pressure  of  about  40  pounds  per  square 
*nch.    If  a  pressure  of  40  pounds  per  square  inch  was  reached 
Without  opening  the  sprinkler,  the  latter  was  removed  from  the 
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oven  and  the  solder  joint  piece  was  forced  apart  to  note  if  the 
solder  had  hardened,  and  to  see  if  the  pieces  of  the  releasing 
device  would  spring  enough  to  tend  to  throw  the  joint  apart; 
or  the  sprinkler  was  placed  directly  in  the  flame  of  a  large  Bun- 
sen  gas-burner.  In  most  cases  of  failure  it  was  found  that 
there  was  no  elasticity  remaining  in  the  releasing  device. 

These  tests  were  made  with  great  care  by  Prof.  Anderson, 
and  the  following  results  were  obtained: 

1st.  Only  20%  of  the  entire  number  of  heads  operated  per- 
fectly. 

2d.  In  50%  of  the  heads  there  was  no  elasticity  remaining 
in  the  pieces  relied  upon  to  throw  apart  the  solder  joint  and 
releasing  device. 

3d.  In  about  35%  of  the  heads  the  valves  stuck  fast  to  the 
seats. 

4th.  In  about  45%  of  the  heads  the  solder  joint  had  become 
hardened. 

5th.  About  15%  of  the  total  number  of  heads  opened  of 
their  own  accord,  without  the  application  of  heat.  This  diffi- 
culty was,  however,  confined  to  two  forms  of  heads. 

A  summary  of  the  tests  in  the  heated  oven  is  given  in  Table 
I.  Table  II.  shows  the  condition  of  the  heads  after  having  been 
connected  to  the  piping  for  the  time  already  specified. 

We  have  been  told  that  the  presence  of  mercury  in  the 
fusible  solder  tends  to  harden  it  after  a  long  period  of  use.  We 
therefore  preserved  samples  of  solder  from  each  form  of  head 
and  submitted  the  same  to  analysis.  The  analyses  were  made 
by  Prof.  Stillman  and  show  that  mercury  was  present  in  some 
cases  where  the  solder  hardened,  but  not  in  others.  Column  1 1  of 
Table  I.  shows  which  heads  employed  solder  that  contained 
mercury. 

All  the  solder  joints  in  which  we  found  that  the  fusible 
solder  had  hardened  were  formed  by  soldering  two  brass  pieces 
together  by  means,  of  the  fusible  metal.     It  may  be  that  an 
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TABLE    II, 

Summary  giving  the  condition  of  heads  after  having  been  connected 
to  short  lengths  of  i)iping  and  subjected  to  the  action  of  water  and  of 
brine  for  a  number  of  years. 
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action  takes  place  between  the  brass  and  solder,  which,  com- 
bined  with  the  effect  of  corrosion  at  the  edges  of  the  joints, 
tends  to  harden  the  solder,  or  to  cement  one  brass  piece  to  the 
other. 

The  fact  that  so  many  of  the  sprinkler  heads  operated  im- 
perfectly shows  that  many  of  the  present  forms  of  heads  should 
not  be  used  in  positions  where  they  may  become  corroded. 
Every  sprinkler  head  that  is  placed  in  position  where  it  may 
become  corroded,  or  incrusted  with  a  foreign  material,  should 
possess  the  following  features  in  addition  to  those  enumerated 
for  a  successful  head  in  the  first  portion  of  this  paper : 

1st.  There  should  be  some  device,  not  subject  to  corrosion 
or  affected  by  age,  which  will  tend  to  force  open. the  solder 
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joint  and  throw  apart  the  releasing  device  when  the  fusible 
f« older  has  melted. 

2d.  The  valve  xhould  be  forced  from  the  seat  after  the  re- 
1  casing  device  has  opened  by  some  means  other  than  that  pro- 
<duced  by  the  pressure  of  the  water  against  the  valve. 

We  have  devised  several  heads  to  meet  these  requirements, 
^nd  have  submitted  the  designs  to  the  N'ew  York  Board,  in  the 
Inope  that  some  of  the  sprinkler  companies  will  make  use  of  the 
principles  involved,  and  manufacture  a  sprinkler  head  that  will 
open,  no  matter  how  greatly"  it  has  become  corroded.  The 
j^eneral  principle  involved  is  to  make  use  of  a  weight  which 
-xwill  fall  when  the  solder  melts,  and  will  release  and  force  open 
■the  valve.     One  of  the  designs  is  shown  in  Fig.  i. 


In  this  the  solder  joint  piece  A  rests  on  the  arm  B .  which 
t*«"ojects  from  the  body  of  the  sprinkler  head.  The  solder  joint 
I**ece  A  supports  the  weight  D.  The  valve  V  is  fastened  to  the 
»ever  C.     E  is  a  spring  to  hold  the  valve  af^aiiist  the  .seat.     The 
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weight  D  is  supported  by  two  vertical  pieces  which  pass  on 
each  side  of  the  lever  C.  When  the  solder  piece  melts,  the 
weight  D  falls,  and  the  cross-piece  H ,  below  the  supporting 
hook,  strikes  the  lever  C  and  opens  the  valve.  If  the  head  is 
provided  with  a  flexible  diaphragm  valve-seat,  a  straight  post 
may  be  used  in  place  of  the  spring  E.  The  weight  D  should 
be  attached  to  a  chain  to  prevent  it  falling  to  the  floor. 

It  is  probable  that  with  either  the  ordinary  soldered  brass 
or  fusible  metal  links  the  action  of  the  weight  will  tend  in  time 
to  break  the  link  without  the  application  of  heat.  We  have 
therefore  designed,  and  are  making  experiments  on,  solder 
joint  pieces  in  which  the  fusible  metal  is  subjected  mainly  to  a 
compressive  stress.  One  form  of  such  a  solder  joint  piece  is 
represented  at  A  in  Fig.  i.  In  this  the  thimble-shaped  piece, 
a  a,  is  held  by  the  arm  B ;  b  is  a  circular  piece,  having  an  inverted 
cone-shaped  end.  The  largest  diameter  of  b  is  smaller  than  the 
smallest  diameter  of  a  a.  The  fusible  solder  is  cast  or  soldered 
in  a  ring-shaped  piece,  c  c,  around  the  piece  b  and  inside  of 
the  thimble-shaped  piece  a  a.  When  new  the  joint  withstands 
many  times  the  force  thai  will  rupture  an  ordinary  sokier  joint 
having  the  same  surface,  and,  if  the  piece  b  is  raised  upward  a 
short  distance  in  the  thimble  a  a,  and  the  ring  of  fusible  metal 
c  c  is  made  correspondingly  longer,  we  reach  a  point  at  which 
the  brass  piece  b  will  break  at  the  lower  neck  with  but  little 
yielding  of  the  ring  c  c. 

Tests  to  determine  the  sensitiveness  of  these  joints  show 
that  ihey  release  in  less  than  three  minutes  at  a  temperature  of 
300^  Fahr.,  which  is  a  shorter  time  than  that  required  by  the 
average  sprinkler  head  now  on  the  market. 

We  have  started  a  scries  of  time  tests,  in  which  heav}" 
weights  are  attached  to  the  joints.  We  do  not  think  there  will 
be  trouble  with  the  joints  yielding  of  their  own  accord,  because 
the  solder  has  to  flow  out  of  its  position  before  the  joint  can 
open,  and  should  there  be  such  a  flow  of  metal  it  would  neces- 
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sarily  be  a  slow  action;  so  that  if  the  joints  were  replaced  from 
time  to  time — as  should  be  done  to  prevent  hardening  of  the 
solder — there  would  be  no  danger  of  accidental  yielding.  The 
time  tests  now  under  way  will  show  definitely  if  our  supposi- 
tion in  regard  to  the  durability  of  the  joint  is  a  correct  one. 


UNIVERSITIES. 

BY    PROF.   DE   VOLSON   WOOD. 

A  WRITER  on  university  education,  some  years  since,  said 
that  the  essentials  of  a  university  were  a  learned  faculty 
and  a  well-equipped  library.  At  the  present  day  he  would 
have  said,  a  learned  faculty  representing  a  great  variety  of  sub- 
jects and  well-equipped  laboratories,  including  the  library  as  a 
laboratory.  The  students  who  resort  thither  for  instruction 
and  drill  are  non-essential ;  they  serve  as  the  receptacles  of 
such  wisdom  and  knowledge  as  the  professors  may  give  in  their 
lectures  and  conversation. 

Such  institutions  exist  in  Great  Britain  and  Flurope,  but, 
until  recently,  not  in  this  country.  There  have  been,  on  this 
side  of  the  Atlantic  for  a  long  time,  universities  in  name;  but 
their  instruction  was  of  the  same  character  as  that  of  the  col- 
lege, and,  too  frequently,  of  an  inferior  grade.  There  was  no 
provision  for  a  faculty  of  specialists  under  whom  the  student, 
^*ho  had  already  passed  through  a  course  of  general  culture, 
^i|2jht  have  the  freedom  of  choice  in  the  pursuit  of  his  studies. 

Among  the  universities  of  recent  origin  Johns  Hopkins 
^'3>s  the  first  to  break  loose  from  the  old  system  and  furnish  a 
University  in  its  true  sense.  Two  systems  were  then  established 
^'*thin  one  corporation— an  undergraduate  college  and  the  uni- 
versity.    The  former  consisted  of  several  well-defined  three- 
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year  "courses  without  optionals."  One  was  a  thorough  classical 
course,  another  a  thorough  scientific  course;  and,  between  these, 
were  other  courses,  containing  a  mixture  of  classical  and  scien- 
tific studies.  The  requirements  for  admission  to  these  courses 
were  of  high  grade,  presumed  to  be  equivalent  to  those  for 
admission  to  the  sophomore  class  in  most  colleges,  so  that  the 
acquirement  at  the  end  of  the  three-years'  course  was  presumably 
as  great  as  that  of  the  ordinary  four-years'  college  course. 

The  other  system  was  the  university  proper,  which  has 
attracted  to  it  many  mature  scholars,  graduates  of  other  col- 
leges, and  many  professors  in  institutions  of  learning,  scattered 
over  a  large  territory. 

The  next — the  Clark  University  of  Worcester,  Mass. — did 
not  copy  from  its  predecessor.  It  has  no  fixed  curriculum;  nor, 
according  to  our  information,  is  it  designed  for  students  to  learn 
what  has  been  done,  but  rather  to  aid  investigations.  Stu- 
dents having  a  desire  to  make  a  scientific  research  will  be 
assisted  by  one  or  more  of  the  professors.  If  this  be  true,  it 
would  seem  to  conform  to  the  idea  of  the  university  of  the 
writer  above  referred  to. 

The  next  —  the  Leland  Stanford  Jr.  University  —  has  not 
copied  from  either  of  its  predecessors.  The  princely  fortune 
with  which  it  is  endowed-  said  to  be  815,000,000 — has  enabled 
its  president  to  select  a  large  faculty  representing  the  broad 
fields  of  literature,  science,  and  technics.  The  palatial  buildings 
must  themselves  be  an  object-lesson  in  architecture,  and  the  trop- 
ical gardens  which  surround  them  make  the  scene  a  kind  of  fairy- 
land, which,  with  the  comfortable  and  neatly  furnished  rooms, 
combine  to  promote  esthetic  culture  among  the  students.  This 
is  not  a  university  for  j)ost-graduatcs,  but  rather  one  in  which  a 
student  may  pursue  any  desirable  subject.  He  chooses  the 
leading  subject  which  he  desires  to  pursue,  and  is  then  placed 
in  charge  of  the  professor  at  the  head  of  that  department,  who 
advises  him  in  the  choice  of  two  other  subjects,  as  he  is  required 


Universities^  S3 

to  pursue  three  studies  at  a  time.  The  professor  under  whom 
he  is  placed  is  more  or  less  responsible  for  his  conduct  and 
progress. 

The  next — the  University  of  Chicago — has  its  peculiarities, 
one  of  which  is  its  endless  term.  It  has  no  beginning  of  years, 
nor  end  of  terms — no  fixed  course — no  vacation — no  commence- 
ment— no  salutatory — no  valedictory  !  The  professors  have 
their  days  for  instruction  and  the  students  must  accommodate 
themselves  thereto.  Some  instruct  during  the  summer,  others 
in  the  winter.  When  a  student  has  completed  a  certain  amount 
of  study  and  passed  the  requisite  examinations  he  may  be  qui- 
etly graduated  at  any  time  during  the  year. 

It  remains  to  be  seen  what  peculiarity  will  be  attached  to 
the  next  great  university.     It  is  plain  that  the  term  "  university  " 
does  not  convey  to  the  mind  any  fixed  system.     A  truly  great 
university — a  post-graduate  institution — cannot  exist  and  flour- 
ish without  a  faculty  of  eminent  scholars,  such  as  lead  in  the 
field  of  thought  in  their  own  specialties.     Such  an  institution 
requires  a  large  capital  and  sufficient  income  to  be  independent 
of  students'  fees.     It  is  well  said  that  a  university  cannot  be 
made  in  a  day;  but  with  sufficient  capital  to  enable  it  to  secure 
such  professors  as  it  chooses  and  can  secure,  and  to  purchase 
the  needed  apparatus,  it  can  go  very  far  toward  securing  the 
two  essentials — a  faculty  and  laboratories,  including  a  library — 
in  a  short   time.      Thus,  the    Leland    Stanford  Jr.    university, 
with  its  large  endowment,  was  able  to  secure  to  itself  some  of 
the  best  professors  of  other  colleges ;  and,  similarly  with  the 
Chicago  University,  with  its  $7,000,000.     The  latter  institution 
is  in  danger  of  being  relatively  poor,  if,  indeed,  it  is  not  already 
so,  on  account  of  the  very  broad  plan  on  which  it  is  established. 
We  have  not  mentioned  such  universities  as  Harvard,  Yale, 
Columbia,    Princeton,    Pennsylvania,   etc.,  in    which    the   chief 
peculiarity  consists  in  substituting  the  term  "university"  for 
*'college;'*  nor  of  Cornell,  Michigan,  and  many  other  similar 
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universities  whose  chief  peculiarities  consist  in  uniting  several 
colleges  in  one  corporation.  With  the  old  college  proper  these 
usually  combine  a  technical  school  and  either  a  school  of  medi- 
cine or  of  law,  or  both  these.  They  are  doing  a  great  under- 
graduate work.  The  best  schools  of  medicine,  instead  of 
requiring  post-graduation  in  an  unprofessional  school  for  en- 
trance, have  extended  their  courses  to  four  years,  so  that  those 
pursuing  the  course  may  become  scholarly  as  well  as  profes- 
sional. 

The  University  of  Michigan  no  longer  has  a  commencement 
for  its  different  schools,  but  one  grand  commencement  for  all 
its  schools — of  Arts,  of  Science,  of  Technics  (including  En- 
gineering and  Pharmacy),  of  Medicine  (including  the  Allo- 
pathic and  Homeopathic),  of  Dentistry,  and  of  Law.  There 
is  no  salutatory,  no  valedictory,  but  an  address  by  some  person 
chosen  by  the  Board  of  Regents.  Then  follows  the  confer- 
ring of  about  700  degrees,  accompanied  by  a  corresponding 
number  of  diplomas,  not  signed  by  the  professors,  but  signed 
by  the  president  and  secretary  of  the  Board  of  Regents. 
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PROGRESS  IN  THE  COTTON  FIELD. 

BY    WILLARD    P.    PARSONS,    M.  E.,    '8o. 

Let  US  first  glance  at  the  condit  ion  of  the  country  where  cotton 
is  king  and  we  find  the  land  divided  into  large  plantations  some- 
"^imes  worked  by  the  individuals  owning  them,  but  in  general 
Rented  to  families  in  sections  varying  in  size  with  the  number  of 
:^nembers  in  the  family  or  the  ability  of  the  tenant.    Throughout 
'the  old  south  the  renters  are  generally  negroes,  who  depend  for  all 
living  necessities  on  the  land  owner  and  settle  their  accounts  with 
3iini  once  a  year.     Through  Texas  and  the  newer  cotton  grow- 
ing districts  the  negroes'  place  is  taken  by  thrifty  foreign  em- 
imigrants  with  their  families,  who  rent  from  the  land  owner  and 
"bring  their  economical  foreign  training  to  bear,  working  their 
entire  family  during  harvest  time  and  raising  such  crops  as  can 
"fce  harvested  most  economically.     With  the  negro  renters,  prior 
^o  the  present  year,  cotton  has  been  almost  the  sole   product, 
.^Eind  they  have  depended  on  the  land  owners  for  corn  and  bacon. 
The  land  owner  generally  runs  a  store    from    which  his  ten- 
^^nts  obtain  all  that  is  necessary;  and,  as  the  negro  is  always  in 
^^ebt  to  the  store,  the  proprietor  practically  controls  the  whole 
lantation,  dictating  the  nature  of  the  crops  and  the  time  of  har- 
'esting.     Under  this  system  there  is  of  course  very  little  fertiliz- 
ng  done  since  the  utilization  of  dotton  seed  for  oil.     In  the  old 
"  outh  the  land  owner  generally  owns  the  mules,  renting  them 
o  his  negro  tenants  for  plowing  and   harvesting.     One  mule 
*tises  from  20  to  40  acres  of  cotton,  according  to   the  mule 
^nd  the  quality  of  the  soil. 

In  preparing  a  field  for  a  cotton  crop,  the  last  year  cotton 
'talks  are  plowed  under  or  burned,  and  the  seed  planted  in 
■"ows  from  2}i  to  6  feet  apart,  according  to  the  richness  of  the 
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soil.  The  seeds  are  generally  planted  with  a  machine  planter, 
and  with  proper  care  the  plants  will  not  vary  much  either  to 
the  right  or  left  of  a  given  line.  After  the  cotton  plants  appear 
the  rows  are  either  '*  chopped  out "  or  plowed  into  check  rows, 
the  aim  of  the  planter  being  to  procure  one  stand  at  regular 
intervals  of  the  most  promising  plant.  When  the  rows  are 
chopped  these  stands  vary  in  their  distance  apart  from  6  to  18 
inches,  but  when  the  field  is  check  plowed  these  stands  are 
necessarily  regularly  spaced,  but  the  planter  has  no  choice  in 
selecting  the  particular  plant  that  is  to  form  the  stand.  The 
plants  are  sometimes  ridged,  sometimes  hilled,  and  often  the 
field  is  left  level,  according  to  the  ideas  of  the  planter. 

The  cotton  field  has  to  be  cultivated  several  times  to  remove 
weeds  and  foreign  growth  until  the  crop  is  finally  "  laid  by," 
or  considered  to  be  in  proper  condition  to  await  the  maturing  of 
the  plants  for  the  picker.  The  principal  weeds  the  planter  has 
to  contend  with  are  cockle,  crow  foot,  or  crab  grass,  and  morn- 
ing-glory vines. 

When  the  picking  season  begins  the  renter  and  his  family 
all  take  part.  The  thrifty  whites  begin  as  soon  as  the  cotton 
bolls  open  and  generally  go  over  the  field  three  times,  as  the 
bottom,  middle,  and  top  crops  mature,  while  the  negroes  some- 
times leave  their  picking  until  the  crop  is  all  matured.  During 
the  first  of  the  picking  season  the  cotton  is  picked  very  clean 
and  free  from  trash,  but,  as  the  season  progresses,  and  after  the 
frosts,  the  boll  shucks  are  so  brittle  that  they  get  into  the 
cotton  and  are  sometimes  purposely  pulled  with  the  lint.  In 
the  spring  following  good  cotton  years  it  is  sometimes  possible 
to  see  plowman  and  i)icker  at  work  in  the  same  field. 

Cotton  grows  from  one  to  twelve  feet  high,  according  to 
the  seed  and  the  quality  of  the  soil.  Low  lands,  along  rivers 
and  swamps,  generally  produce  the  tallest  inland  cotton,  while 
a  good  average  for  upland  cotton  is  between  three  and  four 
feet  high. 
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In  gathering  a  crop  the  picker  picks  with  both  hands,  and 
deposits  the  cotton  in  a  bag  suspended  from  his  waist  and 
shoulders.  When  filled,  this  bag  is  emptied  in  piles  convenient- 
ly located,  and  from  these  the  cotton  is  taken  to  the  gins  in 
wagons.  The  bag  is  quite  long,  and  is  allowed  to  drag  on  the 
ground  behind  the  picker  as  he  passes  from  stand  to  stand. 

The  price  paid  for  hand  picking  for  the  season  of  1894 
varied  from  35  to  60  cents  per  100  pounds  of  seed  cotton,  ac- 
cording to  the  section  of  the  country  and  the  time  of  harvesting. 
The  problem  of  designing  a  machine  for  picking  cotton 
has  been  studied  by  a  large  number  of   inventors,  and    many 
theories  on  the  subject  have  been  tested.     Many  inventors, 
trying    to    design   a   machine    to    gather    the    crop    as    free 
from  trash  as  present  hand-picked  cotton,  and  finding  upon 
trial  that  their  machine  picked   considerable  trash,  or  only  a 
small  percentage  of  cotton,  have  abandoned  the  idea  as  imprac- 
tical, and  the  planter  has  finally  begun  to  believe  that  cotton 
picking  by  machinery  is  a  myth  and  the  lunatic  asylum  the 
proper  place  for  such  inventors. 

The  first  effort  towards  cotton  picking  by  machinery  pro- 
duced a  hand  apparatus  carried  and  operated  by  the  picker. 
Later,  power  devices  utilizing  all  known  principles  that  might 
in  any  way  apply  were  employed  with  varying  degrees  of 
success.  Exhaust  fans,  blowers,  and  card  clolh  brushes  were  ar- 
ranged under  every  conceivable  form.  Doubtless,  some  of  them 
uncicr  favorable  conditions  would  attain  a  marked  degree  of 
success,  but,  unfortunately,  the  cotton  plant  is  so  affected  by 
^h<^  leather  and  by  worms  and  insects  that  it  presents  to  the 
^n^t>itious  inventor  continually  varvinir  conditions. 

The  Southern  Cotton   Harvester  Company  understanding 

^"'^»  and  adopting  the  theory  that  cotton  could  all  be  allowed 

^0  ^nature  before  harvesting  any  of  the  crop,  as  was  and  is  done 

^^  Certain  .sections  of   the  country,  undertook   to    construct   a 

"^^chine  to  gather  all  the  cotton  regardless  of  the  quantity  of 


i 


58  Progress  in  the  Cotton  Field, 

trash,  relying  on  their  ability  to  procure  a  machine  to  separate 
this  trash.  In  1892  they  brou^jht  out  the  machine  shown 
in  Fig.  I,  for  which  a  prize  was  awarded  at  the  Alabama 
State  Fair  that  same  vear.  This  machine  had  four  wheels 
and  an  iron  body  or  frame  from  which  the  picker  cradle  was 
suspended  by  chains  shown  at  (a).  These  chains  were  so  fas- 
tened to  the  shaft  (b)  as  to  be  under  control  of  the  operator 
through  a  worm  and  worm-gear,  and  by  them  the  cage  could  be 
raised  or  lowered  to  suit  any  method  of  cultivation.  The  mechan- 
ism was  driven  through  an  intermediate  shaft  (c)  by  means  of 
chains  and  sprockets  from  the  rear  ground  wheels.  The  picking 
cradle  was  furnished  with  two  rows  of  vertical  rotating  beater 
cylinders  between  which  the  cotton  plants  passed.  These 
cylinders  were  comj)osed  of  a  series  of  discs  or  plates,  each 
disc  carrying  four  beater  whips  projecting  radially  and  made  of 
pliable  steel  wire.  The  cylinders  were  fastened  to  shafts,  and 
driven  through  mitre  gears  from  the  top  of  the  cradle.  The 
front  of  the  cradle  carried  an  iron  shoe,  and  an  end  so  formed 
as  to  gather  the  cotton  plant  and  present  it  in  proper  position 
to  the  beater  cvlinders.  The  bottom  of  the  cradle  was  com- 
posed  of  a  series  ol  intcrlapping  plates,  so  pivoted  that  the 
plants  would  open  them,  and,  after  passing  through,  the  plates 
would  close  by  the  aid  of  a  spring,  thus  preventing  any  cotton 
from  falling  on  the  ground.  Two  endless  conveyor  belts  ran 
along  the  bottom  and  the  full  length  uf  the  cradle  up  to  the 
bags  (d),  shown  at  the  rear  of  machine.  These  conveyor  belts 
were  driven  by  two  two-inch  cross  belts  shown  at  (e).  The 
sitles  of  the  cradle  were  closed  with  wire  netting  as  shown. 
This  cut  shows  the  machine  at  work  in  a  cotton  field  with  low 
plants,  a  part  of  the  beater  discs  being  removed.  As  can  be 
readily  seen,  the  plants  enter  the  front  of  the  cradle,  passing 
down  between  the  two  rows  of  beating  cylinders,  whose  whips 
take  off  the  cotton  and  throw  it  on  the  conveyor  belts, by  which 
it  is  taken  to  bai^s  at  the  rear  of  the  machine. 
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When  this  machine  was  taken  into  the  field,  it  was  found 
to  be  full  of  faults,  besides  being  too  heavy  and  too  clumsy  to 
be  handled  satisfactorily. 

The  machine  shown  in  Fig.  2  was  brought  out  in  1893. 
This  harvester  was  mounted  on  two  wheels  whose  studs  were 
fastened  to  cast-iron  cross  heads  sliding  on  the  main  frame 
and  controlled  by  a  screw  with  its  handle  as  shown.  In 
this  machine  the  beater  cylinders  were  converted  into  picker 
cylinders.     The  sectional  form  of  cylinder  was  retained,  and 
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one  of  the  sectional  discs  is  shown  in  Fig.  3.  The  beater  whips 
were  converted  into  picker  fingers,  shown  in  Fig.  4.  Each  sec- 
tional disc  carried  16  picker  fingers,  working  on  pegs  shown  in 
Fig.  3,  and  extending  radially  out  side  the  disc  about  I J^  inches. 
The  two  single  endless  conveyor  belts  were  replaced  by  two 
sets  of  belts  arranged  as  in  Fig.  5. 

About  80%  of  the  crop  could  be  gathered  by  running  this 
machine  over  the  plants  twice,  but  the  remaining  20%  was  lost 
on  the  ground  in  such  a  manner  as  to  make  it  difficult  to  save. 
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Although  this  machine  was  looo  lbs.  lighter  than  that  of  "92  it 
was  still  too  heavy,  ami  the  harvester  shown  in  Figs.  6  and  7 
was  brought  out  in  1894.  As  can  be  seen,  tlii.s  apparatus  is 
smaller  and  of  lighter  construction  than  earlier  machines,  but 
has  a  frame  generally  similar  in  design  to  the  '93  pattern.  The 
picking  cylinders  are  arr;inged  horizontally,  and  converge 
towards   the  rear  of  the  machine.     The  front  bearing  of  the 
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picking  cylinder  shaft  is  pivoted,  and  the  i"e;u"  bearing  is  a^^ 
ranged  to  move  in  and  ont  under  the  control  of  a  spring,  th^  ■ 
regulating,  in  a  certain  measure,  the  pressure  exerted  on  t^t 
cotton  plants,  during  their  passage  through  the  machine.  T^K 
bags  at  the  rear  of  machine  are  discarded,  and  a  reservoir  is  bu  * 
on  top  of  the  machine  for  storing  the  gathered  cotton.  Tl'» 
harvester  is  720  lbs.  lighter  than  the  '93  model,  and  with  it  tl'* 
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following  results  were  obtained  :  The  tests  describeil  have  been 
ehosen  from  a  scries  of  tests  made  in  the  field,  while  studying 
the  mechanical  effect  of  the  different  combinations  of  the  op- 
erating parts,  and  were  instituted  solely  as  a  basis  for  deciding 
as  to  the  merits  of  the  different  changes.      The  practical  finan- 


\ 


cial  value  of  the  machine  can  only  be  accurately  determined  by 
a  series  of  trials  under  the  varying  conditions  of  the  crop 
and  country.  However,  these  figures  \s\\\  give  the  theoretical 
capacity  of  the  machine,  and  will  serve  to  draw  out  an  oi>in:on 
on  the  effect  of  such  a  machine  on  the  countr\-. 
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The  field  in  whicli  tlie  tests  were  miule  was  level,  but  was 
planted  ill  circiihir  rows,  four  feet  apart,  a tid  forming  one-quarter 
The  rows  were  quite  unevenly  cliopped,  and  some 


of  a  eir 

slandii 


left  eonsideralih-   to  one  side  of  the  row.     The 


])hinls  would  average  Z"j  lo  ,Vj  feet  high,  with  bottom  and 
middle  crops  well  matured,  hut  with  no  top  crop,  and  were 
ridgid  about  eight  indies.  Considerable  cotton  had  been 
knocked  on  the  ground  by  storms,  etc. 
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By  taking  one  row  381  feet  long  and  picking  all  cotton 
from  the  ground  the  machine  gave  the  following  results : 
Trash  and  cotton  picked  by  machine  35.     lbs.  net. 

Picked  from  ground  after  machine  .5  lbs      " 

plant      "  •«  I. 


Total  trash  and  cotton  36.5  lbs.  net. 

The  above  35  lbs.  was  found  to  be  composed  of  ^y/i   %  of 
t:i-ii.sh,  therefore  the 

tual  cotton  picked  by  machine  weighed  23  V3  lbs. 

lost    "         "  xyz    " 


«t  (( 


tal  cotton  on  row  before  machine  ran  over  24 J    *' 

:"    the  total  loss  of  cotton  amounted  to  about  69^ 

KTie  in  running  over  row  381  feet  long  i  niin.  27.4  sec. 

XTne  in  unloading  and  turning  machine  i  min.    3.    sec. 


ic  of  picking  one  row  381  feet  long  2  min.  30.4  sec 

The  above  figures  do  not  account  for  the  cotton   picked 

m  the  ground  before  the  passing  of  the  machine.     To  deter- 

X'le  this  time  and  quantity  accurately,  the  machine  was   run 

r  a  row  102  feet  long,  without  picking  this  slorm-thrashcd 

ton  from  the  ground,  and  it  was  found  that  it  took  two  men 

lin.  22.4  sec.  to  pick  all  that  remained  from   the  bush  and 

und,  and  which,  on  being  weighed,  brought  the  total   pcr- 

tage  of  loss  up  to  i6y3%  of  cotton. 

In  order  to  determine,  what  these  figures  represent,  Icl  us 

ly  them  to  a  two-acre  field,  raising  one-hal  f  a  bale  to  the  acre. 

posing.the  rows  to  be  four  feet  apart  and    1037   ^^*^^   ^^"K» 

^  »e  will  be  21  rows  in  the  two  acres. 

*  *^ne  required  to  run  over  one  row  1037  ft.  long=3  min.  58  sec. 

e  unloading  and  turning  i  min.    3  sec. 

al  time  per  row  5  min.     i  sec. 

ior  two  acres  of  21  rows  about  i  ^i  hours. 
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Time  of  two  men  to  pick  16^3%  of  the  crop  after 
machine,  4  hrs.  54  min.,  or  say  5  hrs.;  of  one  man,  one  day  of 
10  hours,  to  pick  2  acres  after  machine. 

Now,  place  the  value  of  the  mules  at  50  cents  per  day, 
and  of  their  drivers  at  Si.oo  per  day,  and  of  the  laborers  at 
75  cents  per  day  of  10  hours.  Then  for  the  running  expense  for 
the  two  acres  we  have: 

Machine  @  $1.50  per  day  for  i}i  hours  0.26 

Labor  picking  after  machine  0.75 

'*      unloading  and  tending  machine  ♦       O.13 

Or  the  total  cost  of  picking  i  bale  or  2  acres  $1.14 

As  against  hand  picking  at  40  cts.  per  100  lbs  $6.00 

A  saving  per  bale  of  $4.86 

Out  of  1500  lbs.  of  seed  cotton  picked  as  above  we  should 
have: 
Cotton  picked  by  machine  1250  lbs. 

hand  250    ** 

Trash         **  *'     machine  625    *' 


Total  weight  of  cotton  and  trash  to  make  one  bale         2125  lbs. 

This  trash  would  consist  of  small  pieces  of  frost-killed 
limbs  from  the  cotton  plant,  also  dried  boll  shucks  and  dried 
leaves.  As  it  is  necessary  to  separate  this  before  ginning,  it  is 
proposed  to  so  arrange  a  cleaner  or  separator  in  the  gin-house 
that  the  trash  will  be  carried  to  the  boiler-room,  to  be  used  as 
fuel.  The  quantity  of  this  trash  can  be  regulated  to  meet  the 
demand,  between  certain  limits,  by  tlie  tension  on  the  picker 
fingers,  and  w-ill  become  very  valuable  if  used  for  this  purpose, 
as  wood  is  getting  scarcer  and  dearer  each  succeeding  year. 

From  the  above  figures,  we  see  that  a  harvester  could  pick 
about  1 1  acres  in  10  hours;  or,  in  our  assumed  field  of  one-half 
bale  per  acre,  about  5  J^  bales  per  day. 

The  plantation  owner  generally  runs  a  gin  ;  and,  as  harvest- 
ing machines  will  probably  come  under  his  jurisdiction,  it  will 
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be  interesting  to  estimate  what  he  can  make  out  of  them,  on  the 
assumption  that  he  runs  a  stand  of  three  gins  capable  of  turning 
out  27  bales  per  day  of  10  hours.  To  get  at  some  value  for  the 
trash  used  as  fuel,  it  may  be  assumed  that  100  lbs.  of  trash 
furnish  one  horse  power  per  hour,  and  that  one  cord  of  wood 
weighing  2700  lbs.  costs  $1.50,  also  that  the  trash  .separator 
requires  two  horse  power.  Let  us  assume  that  the  gin  stand 
runs  60  days  during  the  season,  ginning  1620  bales  of  cotton, 
and  that  the  cost  of  additional  machinery,  including  five  har- 
vesters, is  $3000. 

33.06  cords  of  wood  @  $150  84959 

Cost  of  picking  1620  bales  by  hand  9,720.00 


«9»769.59 
Cost  of  picking  1620  bales  by  machine  $1,846.80 

Interest  on  investment  @  10%  300.00  $2,146.80 


Saving  by  machine  over  hand  picking  $7,612.79 

This  is  the  saving  based  on  the  actual  test  performances  of 
the  machine,  without  regard  to  any  improvements  suggested  by 
this  season's  experiments,  and  also  without  making  any  allow- 
ance for  the  test  performances  of  the  operators. 

By  examining  the  foregoing  figures  we  find  it  costs  per 
^3l^  to  harvest  by  machinery  Si.  14,  and  of  this  only  0.26 
's  ^or  the  actual  running  of  the  machine,  while  0.88  is  ex- 
pen  cied  for  labor  in  correcting  the  faults  of  that  machine. 

It  will  be  seen,  by  applying  our  reasoning  to  the  hjirvesting 
^'  "tlrie  whole  cotton  crop,  and  assuming  equally  favorable  gin- 
nin^    facilities,  that,  in  a  9,000,000  bale  year,  the  Southern  States 
would   save    the  enormous   sum    of    $42,293,253.      Of  course, 
l\\'\s  can  never  be  realized  under  the  present  condition  of  things, 
as  ^Vie  thrifty  foreign  tenants  could  not  afford  to  own  or  rent 
machines,  while  they  are   free  to   turn  a  large  fainily  loose  on 
tbeir  small  holdings.     However,  considered  to-day  in  connec- 
tion with  the  disturbing  influences  at  work  among  the  negro 
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laborers,  and  the  instability  of  the  cotton  market,  and  the  con- 
sequent desperation  of  the  cotton  planter,  the  discovery  of  a 
mechanical  picking  process  is  more  imperatively  a  necessity 
than  ever  before,  and  the  planter  will  more  readily  grasp  any- 
thing to  stay  his  continually  falling  fortunes  ;  and,  while  the 
saving  to  the  country  will  probably  never  reach  the  large  sum 
mentioned  above,  yet  it  will  doubtless  reach  a  sufficient  amount 
to  satisfy  the  most  sanguine. 

As  the  successful  introduction  of  these  machines  requires 
an  improvement  in  the  present  cleaning  capacity  of  most  gins, 
the  gin  owner  must  necessarily  be  a  party  to  their  success,  and 
could,  under  present  conditions,  handle  the  crop  in  any  given 
section  with  a  smaller  number  of  machines  and  more  econom- 
ically than  any  other  person.  He  should  therefore  control  the 
machines,  either  by  purchasing  them  outright,  or  by  renting  them 
from  the  manufacturers,  in  such  numbers  as  to  supply  his  gins 
with  seed  cotton,  sending  them  out  to  the  small  planters  and 
picking  their  crops  at  reasonable  rates. 


NEW  THEORIES  AS  TO  THE  NATURE  OF  ELECTRICITY. 

IN  discussing  electrical  laws  and  phenomena  it  is  usual  in  the 
vast  majority  of  cases  to  employ  the  nomenclature  and 
ideas  of  the  old  single  or  double  fluid  theories,  while  at  the 
same  time  it  is  universally  admitted  that  we  no  longer  consider 
these  theories  as  even  remotely  expressing  the  actual  state  of 
facts,  and  it  is  sometimes  asked  why  we  do  not  adopt  the  new 
theories  in  ordinary  discussions  and  explanations  of  electrical 
subjects. 

The  best  answer  is,  we  think,  furnished  by  a  statement  of 
the  modern  theories  such  as  is  furnished  in  the  following  ex- 
tract from  a  paper  entitled  Modern  Theories  as  to  Electricity, 
by  Prof.  Henry  A.  Rowland,  which  recently  appeared  in  the 
Engineering  Magazine. 

Prof.  Rowland  is  a  man  eminently  fitted  to  handle  a  diffi- 
cult and  abstruse  subject,  and  if  the  exposition  appears  hard  to 
master  the  blame  must  be  laid  upon  the  subject  and  not  upon 
its  mode  of  presentation. 

"  Modern  progress  in  electrical  theory  is  based  upon  some- 
thing in  the  human  mind  which  warns  us  against  the  possibility 
of  attraction  at  a  distance  through  vacant  space.  Newton  felt 
this  impossibility  in  the  case  of  gravitation,  but  it  is  to  Faraday 
that  we  must  look  principally  for  the  idea  that  electrical  and 
magnetic  actions  must  be  carried  on  by  means  of  a  medium 
filling  all  space  and  usually  called  the  ether.  The  development 
of  this  idea  leads  to  the  modern  theory  of  electrical  phenomena. 

"  Take  an  ordinary  steel  magnet,  and,  like  Faraday,  cover  it 
with  a  sheet  of  paper,  and  upon  this  sprinkle  iron  filings. 
Mapped  before  us  we  see  Faraday's  lines  of  magnetic  force  ex- 
tending from  pole  to  pole.  We  can  calculate  the  form  of  these 
lines  on  the  supposition  that  a  magnetic  fluid  is  cither  distrib- 
uted over  the  poles  of  the  magnet  or  on  its  molecules,  assum- 
ing that  attraction  takes  place  through  space  without  an  inter- 
vening medium.     But  at  this  idea  the  mind  of  Faraday  revolted, 
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and  he  conceived  that  these  lines,  drawn  for  us  by  the  iron  fil- 
ings, actually  exist  in  the  ether  surrounding  the  magnet ;  he 
even  conceived  of  them  as  having  a  tension  along  their  length 
and  a  repulsion  for  one  another  perpendicular  to  their  length. 

"Two  magnets,  then,  near  each  other,  become  connected 
by  these  lines,  which,  like  little  elastic  bands  always  pulling 
along  their  length,  strive  to  bring  the  magnets  together.  These 
so-called  lines  of  force  (now  called  tubes  of  force)  were,  by  his 
theory,  conducted  better  by  iron  and  worse  by  bismuth  than  by 
the  ether  of  space,  and  so  gave  the  explanation  of  magnetic 
attraction  and  diamagnetic  repulsion. 

**  The  same  theory  of  lines  of  force  was  also  applied  by 
Faraday  to  electrified  bodies,  and  thus  all  electrostatic  attrac- 
tions were  explained.  By  this  idea  of  lines  of  force  it  will  be 
seen  that  Faraday  did  away  with  all  action  at  a  distance  and 
with  all  magnetic  and  electrical  fluids,  and  substituted,  instead, 
a  system  in  which  the  ether  surrounding  the  magnetic  or  the 
electrified  body  became  the  all-important  factor  and  the  magnet 
or  electrified  body  became  simply  the  place  where  the  lines  of 
force  ended  ;  where  a  line  of  magnetic  force  ended,  there  was  a 
portion  of  Unaginary  magnetic  fluid  ;  where  a  line  of  electric 
force  ended,  there  was  a  portion  of  ima^ij^inary  electric  fluid.  As 
the  (lUcintitics  of  so-Cc'illcd  plus  and  minus  electricity  in  any  sys- 
tem arc  equal,  wc  can  thus  imagine  ever}'  charged  electrical  sys- 
tem to  be  com])osed  of  a  group  of  tubes  of  electrical  force  (more 
strictly  electric  induction  )  which  unite  the  plus  and  minus  electri- 
fied bodies,  each  unit  tube  having  one  unit  of  plus  electricity  on 
one  end  and  one  unit  of  minus  electricity  on  the  other.  The 
tension  along  the  tube  explains  the  reason  why  such  an 
arrangement  acts  as  if  there  were  real  plus  and  minus  electrical 
fluids  on  the  ends  of  the  tube,  attracting  one  another  at  a  dis- 
tance. Consider  a  plus  electrified  sphere  far  away  from  other 
bodies.  The  lines  of  force  radiate  from  it  in  all  directions, 
and,  being  symmetrical  around  the  sphere,  they  pull  it  equally 
in  all  directions.  Now  bring  near  it  a  minus  electrified  body, 
and  the  lines  of  force  turn  toward  it  and  become  concentrated 
on  the  side  of  the  sphere  toward  such  a  body.  Hence  the  lines 
pull  more  strongly  in  the  direction  of  the  negative  body,  and 
the  sphere  tends  to  approach  it. 
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"  In  the  case  of  a  conducting  body  the  lines  of  force  always 
pass  outwards  perpendicularly  to  the  surface,  and  hence,  if  we 
know  the  distribution  of  the  lines  over  the  surface,  or  the  so- 
called  surface  density  of  the  electricity,  we  can  always  tell  in 
which  direction  the  body  tends  to  move.  It  is  not  necessar>'  to 
know  whether  there  are  any  attracting  bodies  near  the  con- 
ductor, but  only  the  distribution  of  the  lines.  These  lines  then 
do  away  with  all  necessity  for  considering  action  at  a  distance, 
for  we  have  only  to  imagine  a  kind  of  ether  in  which  lines  of 
force  with  given  properties  can  exist,  and  we  have  the  explana- 
tion of  electric  attraction. 

*'  But  the  question  no^^v  arises  as  to  how  the  lines  of  electric 
force  can  be  produced  in  the  ether,  or,  in  other  words,  how 
bodies  can  be  charged. 

**  In  the  first  place  we  know  that  equal  quantities  of  plus  and 
minus  electricity  are  always  produced.  As  an  illustration,  sup- 
pose it  is  required  to  charge  two  balls  with  electricity.  Pass  a 
conducting  wire  between  them  with  a  galvanic  battery  in  its 
circuit.  The  galvaitic  battery  generates  the  lines  of  force  ; 
these  crowd  together  around  it  and  push  each  other  sideways 
until  their  ends  are  pushed  down  the  wire  and  many  of  them 
are  pushed  out  upon  the  balls. 

'*  When  the  tension  backwards  along  the  lines  of  force  just 
balances  the  forward  push  of  the  electromotive  force  of  the 
battery,  equilibrium  is  established.  If  the  wire  is  a  good  con- 
ductor, there  may  be  electrical  oscillations  before  the  lines 
come  to  rest  in  a  given  position,  and  this  I  shall  consider 
below. 

"The  motion  of  the  ends  of  the  lines  of  force  over  and  in 
the  wire  constitutes  what  is  called  an  electric  current  in  the  wire 
^hich  is  accompanied  by  magnetic  action  around  it  and  also  by 
^aves  of  electromagnetic  disturbance  which  pass  outward  into 
space. 

"  If,  after  equilibrium  is  established,  we  remove  the  wire, 
^e  have  simply  two  charged  spheres  connected  by  lines  of 
electrostatic  force  and  thereby  attracted  to  each  other.  If  we 
replace  the  battery  by  a  dynamo  or  by  an  electric  machine  the 
effect  is  the  same. 

But  there  is  another  way  by  which  bodies  are  often  charged 
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and  that  is  by  frietion.  In  this  case  we  can  suppose  the  glass 
to  take  hold  of  one  end  of  the  lines  of  force  and  the  rubber  the 
other  end,  and  it  is  then  only  necessary  to  pull  the  bodies  asun- 
der to  fill  the  space  with  lines.  The  friction  is  merely  needed 
to  bring  the  two  bodies  into  intimate  contact  and  remove  them 
gently  from  each  other. 

"The  following  considerations  may  guide  us  in  understand- 
ing the  details  of  the  process.  It  is  well  known  from  Faraday's 
researches  that  a  given  quantity  of  electricity  has  a  fixed  rela- 
tion to  the  chemical  equivalents  of  substances.  Thus  it  requires 
10,000  absolute  electro-magnetic  units  of  electricity  to  deposit 
1 14  grams  of  silver,  68  grams  of  copper,  34  grams  of  zinc,  etc. 

*'  Hence  we  can  consider,  for  instance,  in  chloride  of  silver 
that  the  atoms  of  silver  are  joined  to  the  atoms  of  chloride  by  lines 
of  electrostatic  force  which  hold  them  to  each  other.  If,  by 
rubbing  the  chloride  of  silver,  we  could  remove  the  chlorine  on 
the  rubber  while  leaving  the  silver,  we  could  stretch  them 
asunder  and  so  fill  space  with  the  lines  of  electrostatic  force. 
According  to  this  theory,  then,  each  atom  has  a  number  of  lines 
of  force  attached  to  it,  and  it  is  only  by  stretching  the  atoms 
apart  that  we  can  fill  an  appreciable  space  with  them  and  so 
cause  electrostatic  action  at  a  distance. 

"We  come  to  the  conclusion,  then,  that  all  electrification  is 
originally  produced  by  separating  the  atoms  of  bodies  from  one 
another,  which  can  be  done  by  breaking  contact,  by  friction,  or 
by  direct  chemical  action  of  one  substance  on  another,  or  in 
some  other  manner  not  so  common.  The  lines  of  electrostatic 
force  in  a  case  of  electricity  at  rest  must  always  begin  and  end 
on  matter,  and  they  can  never  have  their  ends  in  space  free 
from  matter.  The  ends  can  be  carried  along  with  the  matter, 
constituting  electric  convection,  or  they  can  slide  through  a 
metallic  conductor  or  an  electrolyte  or  rarefied  gas,  making 
what  we  call  an  electric  current ;  but,  as  they  cannot  end  in  a 
vacuum,  they  cannot  pass  through  it.  Thus  we  conclude  that 
a  \acuum  is  a  perfect  non-conductor  of  electricity. 

"  The  exact  process  by  which  the  ends  of  the  Ihies  of  force 
pass  through  and  along  a  conductor  can  at  present  be  only 
dimly  imagined,  and  no  existing  theory  can  be  considered  as 
entirely  satisfactory.     In   the  case  of  an  electrolyte,  however, 
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we  can  form  a  fairly  perfect  picture  of  what  takes  place  as  the 
decomposition  goes  on.  Thus,  in  the  case  of  zinc  and  copper 
in  hydrochloric  acid,  we  can  imagine  the  zinc  plate  attracting 
the  chlorine  of  the  acid,  thus  stretching  out  the  natural  line  of 
electric  force  connecting  the  chlorine  atom  and  the  first  hydro- 
gen atom  ;  we  can  imagine  the  atoms  of  chlorine  and  hydrogen 
in  the  body  of  the  liquid  recombining  with  each  other  and  their 
lines  of  force  uniting  until  they  form  a  complete  line  long 
enough  to  stretch  from  the  zinc  to  the  copper  plate ;  and  all 
without  once  making  a  line  of  force  without  its  end  upon 
matter.  We  can  further  imagine  the  ends  of  this  line  sliding 
along  the  copper  and  zinc  plates  to  the  conducting  wires  and 
down  their  length,  thus  making  an  electric  current  and  carrying 
the  energy  of  chemical  action  to  a  great  distance. 

**  If  the  ends  of  the  lines  should  slide  along  the  wire  without 
any  resistance,  the  wire  would  be  a  perfect  conductor  ;  but  all 
substances  present  some  resistance,  and  in  this  case  heat  is 
generated.  This  we  always  find  where  an  electric  current 
passes  along  a  wire  ;  as  to  the  exact  nature  of  this  resistance 
or  the  nature  of  metallic  conduction  in  general  we  know  little, 
but  I  believe  we  are  approaching  the  time  when  we  can  at  least 
imagine  what  happens  in  this  most  interesting  case. 

"  Besides  the  heating  due  to  the  electric  current,  steadily 
flowing,  we  must  now  account  for  the  magnetic  lines  of  force 
surrounding  the  current  and  the  magnetic  induction  of  one 
current  on  the  other. 

"  If  the  current  is  produced  by  the  ends  of  the  tubes  of  elec- 
trostatic force  moving  along  the  wire,  then  we  may  imagine  that 
the  movement  of  the  lines  of  electrostatic  force  in  space  pro- 
duces the  lines  of  magnetic  force  in  a  direction  at  right  angles 
^0  the  motion  and  to  the  direction  of  the  lines  of  electrostatic 
^orce.  At  the  same  time  we  must  be  careful  not  to  assume  too 
readily  that  one  is  the  cause  and  the  other  the  effect  ;  for  we 
^'cll  know  that  a  moving  line  of  magnetic  force  (more  properly 
induction )  produces,  as  Faraday  and  Maxw^ell  have  shown,  an 
electric  force  perpendicular  to  the  magnetic  line  and  to  the 
^'rection  of  motion.  Neither  line  can  mov^e  without  being  ac- 
companied by  the  other,  and  we  can,  for  the  moment,  imagine 
Either  one  as  the  cause  of  the  other.     However,  for  steady  cur- 
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rents,  it  is  simpler  to  take  the  moving  lines  of  electrostatic 
force  as  the  cause  and  the  magnetic  lines  as  the  effect. 

**  We  have  now  to  consider  what  happens  when  we  have 
to  deal  with  variable  currents  rather  than  steady  ones. 

**In  this  case  we  know  from  the  calculations  of  the  great 
Maxwell  and  the  demonstrations  of  Hertz  that  waves  of  electro- 
magnetic disturbance  are  given  out.  To  produce  these  waves, 
however,  very  violent  disturbances  arc  necessary.  A  fan  waved 
gently  \\\  the  air  scarcely  produces  the  mildest  sort  of  waves, 
while  a  bee,  with  comparatively  small  wings  moved  quickly  and 
vigorously,  emits  a  loud  sound. 

**  So,  with  electricity,  we  must  have  a  very  violent  electrical 
vibration  before  waves  carrying  much  energy  are  given  out. 

**  Such  a  vibration  we  find  when  a  spark  passes  from  one 
conductor  to  another.  The  electrical  system  may  be  small  in 
size,  but  the  immensely  rapid  vibrations  of  millions  of  times 
per  second,  like  the  quick  vibration  of  a  bee*s  wing,  sends  out 
a  volume  of  waves  that  a  slowly  moving  current  is  not  capable 
of  producing.  The  velocity  of  these  waves  is  now  known  to  be 
very  nearly  300,000  kilometers  per  second.  This  is  exactly  the 
velocity  of  waves  of  light,  or  other  radiation  in  general,  and 
there  is  no  doubt  at  present  in  the  minds  of  physicists  that 
these  waves  of  radiation  are  electromagnetic  waves. 

'*  By  this  great  discovery  which  almost  equals  in  impor- 
tance that  of  gravitation,  Maxwell  has  connected  the  theories 
of  electricity  and  of  light,  and  no  theory  of  one  can  be  complete 
without  the  other.  Indeed  they  must  both  rest  upon  the 
properties  of  the  same  medium  which  fills  all  space — the  ether. 

**  Not  only  must  this  ether  account  forall  ordinary  electrical 
and  magnetic  actions,  and  for  light  and  other  radiation,  but  it 
must  also  account  for  the  earth's  magnetism  and  for  gravitation. 

'•  To  account  for  the  earth's  magnetism,  we  must  suppose 
the  ether  to  have  such  properties  that  the  rotation  of  ordinary 
matter  in  it  produces  magnetism.  To  account  for  gravitation 
it  must  have  such  properties  that  two  masses  of  matter  in  it 
tend  to  move  toward  each  other  with  the  known  law  of  force, 
and  without  anv  loss  of  time  in  the  action  of  the  force.  We 
know  that  moving  electrical  or  magnetic  bodies  require  a  time 
represented  by  the  velocity  of   light   before  they  can  attract 
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each  other  in  the  line  joining  them.     But,  for  gravitation,  no 
time  is  allowable  for  the  propagation  of  the  attraction. 

"  But  the  problem  is  not  so  hopeless  as  it  at  first  appears. 
Have  we  not  in  250  years  ascended  from  the  ideas  of  a  viscous 
fluid  surrounding  the  electrified  body  and  protruding  arms  out- 
ward to  draw  in  the  light  surrounding  bodies  to  the  grand  idea 
of  a  universal  medium  which  shall  account  for  elcctricitv, 
magnetism,  light  and  gravitation? 

•*  The  theory  of  electricity  and  magnetism  reduces  itself, 
then,  to  the  theory  of  the  ether  and  its  connection  with  ordinary 
matter,  which  we  imagine  to  be  always  immersed  in  it.  The 
ether  is  the  medium  by  which  alone  one  portion  of  matter  can 
act  upon  another  portion  at  a  distance  through  apparently 
vacant  space. 

**  Let  us  then  attempt  to  see  in  greater  detail  what  the  ether 
must  explain  in  order  that  we  may,  if  possible,  imagine  its 
nature. 

"  1st.  It  must  be  able    to  explain  electrostatic  attraction. 

These  electrostatic  forces  are  mostlv  rather  feeble  as  we  ordin- 

arily  see  them.     Air  breaks  down  and  a  spark  passes  when  the 

tension  on  the  ether  amounts  to  about  j^^  pound  to  the  square 

inch.    It  is  the  air,  however,  that  causes  the  breakdown.    Take 

the  air  entirely  away,  and   we  then  know  no  limit  to  this  force. 

In  a  suitable  liquid  it  may  amount  to  500  times  that  in  air,  or  5 

pounds  to  I  square  inch,  and  become  a  very  strong  force  indeed. 

In  a  perfect  vacuum  the  limit  is  unknown,  but  it  cannot   be  less 

than  in  a  liquid,  and  may  thus  possibly  amount  to  hundreds,  if 

not  thousands,  of  pounds  to  the  square  inch. 

*' 2d.  It  must  explain  magnetic  action.  These  actions  are 
W^rently  stronger  than  electrostatic  actions,  but  in  reality 
they  are  not  necessarily  so.  A  tension  on  the  ether  of  only  a 
few  hundred  pounds  on  the  square  inch  will  account  for  all 
magnetic  attraction  that  we  know  of,  although  we  are  able  to 
"X  no  limit  to  the  force  the  ether  will  sustain.  No  sii?ns  have 
ever  been  discovered  of  the  ether  breaking  down. 

"Again,  we  must  be  able  to  account  for  the  magnetic  rota- 
tion of  polarized  light  as  it  passes  through  the  magnetic  field  ; 
and  it  can  be  accounted  for  only  by  assuming  a  rotation  around 
the  lines  of  magnetic  force.     This  action,  however,  takes  place 


\ 


76  New  Theories  as  to  the  Nature  of  Electricity, 

only  while  the  lines  of  magnetic  force  pass  through  matter,  and 
it  has  never  been  observed  in  the  ether  itself.  The  velocity  of 
rotation,  however,  is  immense,  the  plane  of  polarization  rotating 
in  some  cases  300,000,000  times  per  second. 

**  The  ether  must  also  account  for  the  earth's  magnetism. 
If  we  assume  that  magnetic  lines  of  force  are  simply  vortex 
filaments  in  the  ether,  wo  have  only  to  suppose  that  the  ether 
is  carried  around  by  the  rotation  of  the  earth,  and  we  have  the 
explanation  needed.  The  magnetism  of  the  earth  would  then 
be  simply  a  whirlpool  in  the  ether. 

'•  3d.  The  ether  must  be  able  to  transmit  to  a  distance  an 
immense  amount  of  energy  either  by  means  of  electromagnetic 
waves  as  in  light,  or  by  the  similar  action  which  takes  place  in 
the  ether  surrounding. a  wire  carrying  an  electric  current.  . 

**  The  amount  of  energy  which  can  be  transmitted  by  the 
ether  in  this  manner  is  enormous,  far  exceeding  that  which  can 
be  carried  by  anything  composed  of  ordinary  matter.  Thus, 
take  the  case  of  sun  light ;  on  the  earth's  surface  illuminated 
by  strong  sun  light  a  horse  power  of  energy  falls  on  every  7 
square  feet.  At  the  surface  of  the  sun  the  ethereal  waves  carry 
the  energy  outward  at  the  rate  of  nearly  8,000  horse  power  per 
square  foot. 

"  Again,  an  electric  wire  as  large  as  a  knitting  needle,  sur- 
rounded with  a  tube  half  an  inch  in  diameter,  in  which  a  perfect 
vacuum  has  been  made  to  prevent  the  escape  of  electricity,  may 
convey  to  a  distance  i,ooo  horse  power — indeed,  even  10,000  or 
more  horse  power — there  being  apparently  no  limit  to  the 
amount  the  ether  can  carry. 

'*  Compare  this  with  the  steam  engine,  where  only  a  few 
hundred  horse  power  requires  an  enormous  and  clumsy  steam 
pipe.  Or,  again,  the  amount  carried  by  a  steel  shaft,  which,  at 
ordinary  rate  of  speed,  would  require  to  be  about  a  foot  in 
diameter  to  transmit  10,000  horse  power. 

**  When  we  compare  the  energy  transmitted  through  a 
square  foot  of  ether  in  waves,  as  in  the  case  of  the  sun,  with 
the  amount  that  can  be  conveyed  by  means  of  sound  waves  in 
air  or  even  sound  waves  in  steel,  the  comparison  becomes  sim- 
ply ridiculous,  the  ether  being  so  immensely  superior.  As 
quick  as  light,  the  ether  sends  its  wave  energy  to  the  distance 
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of  a  million  miles  while  the  sluggard  air  carries  it  one.  Thus, 
with  equal  strain  on  each,  the  ether  carries  away  a  million  times 
the  energy  that  the  air  could  do. 

"4th.  The  ether  must  account  for  gravitation.  For  this 
purpose  we  are  allowed  no  time  whatever  to  transmit  the  attrac- 
tion. As  soon  as  the  position  of  two  bodies  is  altered,  just  so 
soon  must  the  line  of  action  from  one  to  the  other  be  in  the 
straight  line  between  them. 

"  If  this  were  not  so,  the  motion  of  the  planets  around  the 
sun  would  be  greatly  altered.  Toward  the  invention  of  such 
an  ether,  capable  of  carrj-ing  on  all  these  actions  at  once,  the 
minds  of  many  scientific  men  are  bent.  Now  and  then  we  are 
able  to  give  the  ether  such  properties  as  to  explain  one  or  two 
of  the  phenomena,  but  we  always  come  into  conflict  with  other 
phenomena  that  equally  demand  explanation. 

'*  There  is  one  trouble  about  the  ether  which  is  rather  diffi- 
cult to  explain,  and  that  is  the  fact  that  it  docs   not  seem  to 
concentrate  itself  about  the  heavenlv  bodies.     As  far  as  we  are 
able  to  test  the  point,  light  passes  in  a  straight  line  through 
space,  even  when  near  one  of  the  larger  planets,  unless  the  latter 
possesses  an  atmosphere.     This  could  hardly  happen  unless  the 
ether  was  entirely  incompressible  or  else  possessed   no  weight. 
"  If  the  ether  is  \}\^  cause  oi  gravitation,  however,  it  is  placed 
outside  the  category  of  ordinary  matter,  and  it  may  thus  have 
no  weight,  although  still  having  inertia — a  thing  impossible  for 
ordinary  matter  wHtre  the  weight  is  always  exactly  proportional 
to  inertia. 

"Ether,  then,  is  not  matter,  but  something  on  which  many 
oHhe  properties  of  matter  depend. 

**  It  is  curious  to  note  that  Newton  conceived  of  a  thcorv  of 
gravitation  based  on  the  ether,  which  he  supposed  to  be  more 
rare  around  ordinary  matter  than  in  free  space.  Hut  the  above 
considerations  would  cause  the  rejection  of  such  a  theory.  We 
have  absolutely  no  adequate  theory  of  gravitation  as  produced 
^'  the  ether. 

"To  explain  magnetism,  physicists  usualh'  look  to  some 
rotation  in  the  ether.  The  magnetic  rotation  of  tiic  plane  of 
polarization  of  light,  together  with  the  fact  of  the  mere  rotation 
0^  ordinary  matter,  as  exemplified   by  the  earth's  magnetism. 
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both  point  to  rotation  in  the  ether  as  the  cause  of  magnetism. 
A  smoke  ring  gives,  to  some  extent,  the  modern  idea  of  a  mag- 
netic line  of  force.     It  is  a  vortex  filament  in  the  ether. 

*•  Electrostatic  action  is  more  difficult  to  explain,  and  we 
have  hardly  got  further  than  tlie  vague  idea  that  it  is  due  to 
some  sort  of  elastic  yielding  in  the  ether. 

"  Light  and  radiiition  in  general  are  explained  when  we 
understand  clearly  magnetic  and  electrostatic  actions,  as  the 
two  are  linked  together  with  certainty  by  Maxwell's  theory. 

**  Where  is  the  genius  who  will  give  us  an  ether  that  will 
reconcile  all  these  phenomena  with  one  another  and  show  that 
they  all  come  from  the  properties  of  one  simple  fluid  filling  all 
space,  the  life  blood  of  the  universe — the  ether  ?  ** 
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An  Existing  Newcomen  Steam  Engine. — "The  steam  en- 
gine has  long  ago  attained  the  dignity  of  having  a  history,  and, 
indeed,  an  ancient  history.     It  is  to  be  found  in  museums  and 
orollections,  and  already  many  controversies  have  been  waged 
<3ver  most  points  in  its  early  construction.     Attempts  have  been 
made,  by  aid  of  engravings  and  drawings,  to  reconstruct  some 
of  the  earlier  examples,  so  as  to  give  the  present  generation  a 
-vivid  idea  of  the  triumphs  of  some   of  the  great   mechanical 
minds  long  passed  away.     Valuable  as  these  full-sized  models 
^re,  they,  nevertheless,  lack  actuality,  and   there   is   always   a 
doubt  in  the  mind  of  the  spectator  of  their  literal  accuracy. 
Far  better  it  is  when  an  actual  example  can  be  secured,  and 
p>reserved  for  posterity.     At  the  present  moment   there   is   a 
specimen  of  an  engine  built  by  Newcomen,  of   Dartmouth,  in 
1 705,  rusting  away  in  the  open  air  for  want  of  a  friendly  hand 
being  put  forth  for  its  preservation.     It  was  brought  to  our  no- 
tice by  Mr.  Bryan  Donkin,  to  whom  its  existence  was  disclosed 
by  Mr.  Samuel  Fletcher,  of  Ashton-under-Lync,  and  we  have 
pleasure  in  presenting  our  readers  with  an  engraving  showing 
its  condition   a  year  ago    (since   then   the   beam    has    fallen 
over). 

"  For  years  the  engine  was  looked  upon  as  one  of  James 
Watt's  first  productions,  but  recent  inquiries  leave  no  doubt 
that  it  is  a  steam  motor  of  the  Newcomen  pumping  type,  single- 
acting.  Nothing  is  known  at  all  trustworthy  as  to  its  history. 
There  are  a  few  old  residents  in  the  neighborhood  who  remem- 
ber its  being  occasionally,  though  not  regularly,  worked  some 
60  or  70  years  ago  (1834)  for  pumping  a  mine,  about  which 
time  it  seems  to  have  been  allowed  to  fall  into  disuse.  The 
date  of  its  erection  in  Fairbottom  Valley,  halfway  between 
Ashton-under-Lyne  and  Oldham,  is  uncertain,  but  it  was  prob- 
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ably  towards  the  end  of  last  century.  It  is  stilt  on  the  original 
site.  The  engine  consists  of  a  solid  masonry  pillar,  14  ft.  6  in. 
by  7  ft,  3  in.  at  the  bottom,  carrying  the  beam,  which  is  made 
of  oak,  12  in,  by  14  in,,  braced  together  with  iron,  and  has  seg- 
mental ends  with  the  balance- weight  at  one  extremity  and   the 


#^ 
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piston  at  tlic  I'tlu-r,  TIk-  bt-ain,  about  20  ft,  long,  rocks  on  two 
trunnions  resting  on  the  central  nniscmry  pillar,  and  the  piston 
and  pump  rods  are  attached  to  it  by  chains.  The  cylinder,  of 
cast  iron,  is  about  2y.'v.  in,  in  tiiameti,-r  and  about  6  ft,  stroke, 
the  sleani  entering  only  at  the  bottom.  It  is  cast  in  one  piece, 
S  ft,  9  in,  from   flange  to    tlangL'.  and   about    I  ^    in.  thick.     As 
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there  was  no  separate  condenser,  condensation  was  effected  by 
injecting  water  into  the  cylinder  By  a  motion  from  the  beam. 
It  is  impossible  to  say  whether  there  were  any  rings  round  the 
piston,  as  it  has  not  been  taken  apart,  but  probably  there  were 
none.  A  method  often  employed  for  keeping  the  joint  of  the 
piston  good  was  to  place  horse-dung  on  the  top,  but  other 
materials  that  retained  moisture,  such  as  turf  or  tow,  were  also 
used.  The  valve  gear  was  off  a  few  years  ago,  and 'the  pieces 
were  lying  about,  but  they  probably  could  be  collected.  The 
wrought-iron  boiler,  of  the  wagon  type,  is  in  a  very  bad  con- 
dition ;  it  is  believed  to  be  of  a  more  recent  date  than  the  en- 
gine, and  that  the  original  was  a  haystack  generator. 

"The  width  of  the  boiler  is  6  ft.  3  in.  at  the  widest  part,  and 
5  ft.  7  in.  at  the  narrowest,  the  height  being  7  ft.  There  is  a 
steam  dome  18  in.  in  diameter  by  14  in.  deep,  with  an  8-in.  steam 
pipe  leading  vertically  out  of  it.  There  are  five  plates  in  the 
orcumference  of  the  boiler,  and  12  rings  of  plates  in  its  length. 
the  average  size  of  plate  being  19  in.  by  3  ft.  6  in.  The  present 
thickness  of  the  plates  varies  from  5-16  in.  to  zero.  The  pitch 
of  the  rivets  is  i  y'z  in.  to  2  in. 

"  It  appears  probable  that  this  is  the  oldest  engine  in  ex- 
istence, but  it  is  in  a  most  dilapidated  state.     Having    been   so 
long  exposed  uncovered   to  all  weathers,  the   beam   has   nearly 
fallen  on  its  side,  and  the  boiler  is  worn  awav  till  it  is  no  thicker 
than  paper  in  parts,  with  many  holes.     The  grievous  condition 
of  neglect  and  disrepair  into  which  the  engine  has  fallen   is  an 
object  of  much  concern  to  the  j)C(.)plc  in  the  neighborhood,  who 
would  gladly  co-operate  in  efforts  to  save  it  from  rot,  rust,  and 
total  destruction.     The  engine  is  the  property  of  the  trustees  of 
the  late  Earl  of  Stamford  and  Warrington. 

**  Any  suggestion  for  the  safe  preservation  of  this  interesting 
old  relic  will  be  gladly  received  by  Mr.  !^.  Metcher  or  Mr. 
Hryan  Donkin.  These  gentlemen  are  anxious  to  tliul  a  home 
fur  an  object  of  such  importance  to  the  history  of  the  steam 
^'Hj^ine.  The  above  dimensions  were  taken  personally  l)\'  them 
during  a  visit  to  the  spot  about  two  months  ago."  /:/fi^'-///t'tn'//j^r, 
^^ct.  5,  1894.  

KKMOVAL  OF    KOCK  4O  FT.   BKLOW  Sl'KFACI-    OF  WATKK.  NoKTU 

•^IVKH,  N.  V. — The  work,  of  which  this  is  a   descriptit)ii,  consist- 


82  Extracts  from  the  Engirieering  Press, 

ed  in  the  removal  of  about  2,000  cu.  yds.  of  rock  in  the  vicinity 
of  Pier  No.  14  (new),  N.  R.,  by  the  Department  of  Docks, 
City  of  New  York. 

This  pier  having  been  intended  to  be  used  for  railroad  pur- 
poses, the  mud  had  been  dredged  to  the  usual  depth  of  25  ft. 
below  mean  low  water  in  the  slips  north  and  south  of  the  pier. 
After  the  pier  had  been  completed,  however,  it  was  leased  to 
the  new  American  Line  Steamship  Company,  in  whose  fleet  are 
the  steamships  Paris  and  New  York^  and  these  ships  drawing  a 
maximum  of  29  ft.,  it  became  necessary  to  make  a  greater 
depth  of  water  along  each  side  of  the  pier,  the  pier  being  also 
widened  by  the  addition  of  50  ft.  along  the  entire  length  on  the 
south  side. 

The  American  Line  officials  requested  that  the  depth  be 
made  35  ft.  below  mean  low  water. 

As  the  mean  rise  and  fall  of  the  tide  at  the  location  in 
question  is  about  5  ft.,  the  operation  of  making  a  grade  of  35 
ft.  below  mean  low  water  necessitated  the  use  of  appliances 
that  would  operate  and  do  this  work  in  40  ft.  of  water,  and  also 
accommodate  themselves  to  the  rise  and  fall  of  the  tide  while 
in  operation. 

Tlic  fust  intention  as  regards  part  of  tliis  work  was  to  have 
it  done  l)\-  contract,  and  the  reef  soutli  of  the  outer  end  of  the 
pier  bcin<^  the  one  discuvcicd  first,  was  let,  after  asking  for 
prices,  to  \\.  R.  Lowe,  a  siii)nKirine  contractor  and  wrecker,  at 
a  lump-sum  price  which  amounted  to  about  $25  per  cubic  \'ard 
ot  rock  (measured  in  i)Iace).  Work  was  commenced  under 
this  contract  on  Juh'  25th,  1892. 

Dock  l^cpartfncnt  Plant.  —  When  it  became  evident  that  the 
work  of  the  removal  of  the  reefs  around  Pier  No.  14  (new) 
could  not  be  finished  1)\'  the  contractor  who  had  taken  the  w*ork 
on  one  reef,  the  Department  took  the  matter  in  hand  and  con- 
structed the  drill  float  for  further  operations,  it  having  been 
decided  to  renioxe  the  reef  on  the  north  side  of  and  near  the 
outer  end  of  the  pier  l)\'  Dock  Department  labor.  A  single- 
drill  tloat  had  |)revionsl\'  been  used  in  the  removal  of  rock  to 
a  grade  of  14  ft.  below  mean  low  water  on  the  P2ast  River.  The 
governiuL^  idea  in  the  construction  of  the  large  four-drill  float 
was  to  use  as  much   as  possible   the  class  of  material   which. 
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when  it  should  be  taken  apart,  could  be  used  again  in  the  bulk- 
head-wall construction.  With  this  end  in  view,  12x12  in.  spruce 
timber  was  used  in  the  construction  of  the  float  itself.  This 
timber  was  found  to  be  exceedingly  buoyant,  and  from  actual 
trial  the  buoyancy  of  I  cu.  ft.  was  found  to  be  about  33  lbs.  After 
the  operations  of  removing  the  rock  were  compltted  and  this 
drill  float  was  taken  apart,  the  timber  was  not  found  to  be  at 
all  water-logged,  although  it  had  been  continually  immersed  in 
water  for  more  than  one  year.  The  dimensions  of  the  drill 
float  were  about  22x33 >^  ^t-»  deck  measurement,  and  6  ft. 
in  depth;  the  whole  apparatus  being  practically  floated  on 
the  two  bottom  courses  of  timber.  Four  drills  were  located  on 
the  float,  operating  through  well-holes,  each  of  the  drills  being 
capable  of  drilling  a  hole  12  ft.  in  depth  without  changing  the 
lirill  or  the  drill-bar.  The  drills  were  raised  and  lowered  in 
ways  by  two  men  operating  a  hand-winch.  Two  Ingcrsoll  and 
two  Rand  drills  were  used,  the  drills  being  fastened  to  a  6-in. 
cast-iron  column  by  means  of  the  standard  mining  attachments, 
with  only  a  few  additions  to  enable  the  drill  to  be  kept  in  a  verti- 
cal position  without  turning.  In  drilling  a  hole  the  drills  were 
fed  by  the  hand-feed  until  the  feed  was  run  out,  when  the 
>\'inches  were  called  into  requisition,  the  drills  lowered,  the 
hand-feed  raised;  then  operations  continued  as  before. 

It  was  thus  possible  with  this  nirichine  to  drill  the  hole  to 
the  required   depth   without   change    in  the  drill  or  drill-bar, 
unless  for  other  reasons  than  for  the  deepening  of  the  holes. 
In  order  to  hold  this  drill  float  steady  against  wave  action,  and 
also  against  tidal  rise  and  fed  I,  four  anchors   were   used,  which 
consisted   of  ordinary   i)ile-driver    hammers,   wcii^hing    about 
3»000  lbs.  each.     The  drill  float  was  accompanied  b\'  the  stand- 
ard Dock  Department  12-ton  derrick,  containing  two  40  H.  P. 
L>oilers,  and  having  a  single  mast  with  tw(;  booms.     In  locating 
^he  drill  float,  the  derrick  lifted   the  four  pile-driver  hammers, 
the  hammers  being  rigged  in  coui:)letJ-,  two  for  each  end  of  the 
"oat.     After  the  hammers  were  clear  of  thebottom.  the  derrick 
and  float,  alongside,  were  floated  into  the  desired  j^osition  over 
the  reef,  and  the  hammers  were  let  go  and  cast   free   from   the 
Dooms  of  :he  derrick.     Other  lines  from  these  hammers,  or  an- 
chors, which  ran  over  the  pulleys  at  the  corners  of  the  drill 
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float,  were  then  made  fast  to  the  hand-winches,  and  the  whole 
drill  float  hove  down  by  means  of  these  winches,  until  the  deck 
of  the  float  stood  about  I  ft.  or  i8  ins.  above  the  surface  of  the 
water.  Connections  now  being  made  from  the  boilers  on  the 
derrick  to  the  steam  rock-drills,  the  operation  of  drilling  could 
commence  from  what  had  become  a  fairly  stable  structure. 
Where  these  operations  were  conducted,  and  during  the  period 
of  time  which  they  covered,  there  was  considerable  high  wind 
and  a  large  amount  of  ice,  the  waves  oftentimes  rising  to  a 
height  of  over  3  ft.  along  the  side  of  the  pier,  and  washing  over 
the  deck  of  the  float.  At  one  period,  about  the  latter  end  of 
December,  this  drill  float  operated  while  surrounded  entirely 
by  ice  over  6  ins.  in  thickness. 

The  nature  of  the  rock  in  all  these  reefs  was  about  the 
same,  consisting  of  gneiss  and  mica  schist,  seamed  with  quite 
extensive  veins  of  quartz.  This  made  both  the  drilling  and  the 
blasting  difficult,  as  the  soft  mica  rock  in  some  places  was  diffi- 
cult to  remove  by  surface  blasting,  even  when  only  a  small 
height  was  to  be  knocked  down. 

The  holes  drilled  by  the  Department  in  all  the  reefs  for  the 
first  scries  were  spaced  6  ft.  apart  in  northerly  and  southerly 
direction  and  5  ft.  apart  easterly  and  westerly.  The  holes  be- 
ing drilled  in  a  vertical  direction,  the  result  of  the  blasting 
seemed  to  be  to  stack  the  broken  stones  against  each  other, 
and  not  to  loosen  and  throw  up  the  mass.  Divers  described 
this  bottom  as  being  oftentimes  like  a  pile  of  gravestones,  one 
stone  lying  against  another. 

The  work  here  described  was  done  under  the  personal  di- 
rection of  the  writer,  as  Assistant  lui<;ineer  of  the  Department 
of  Docks,  of  which  G.  S.  Greene,  Jr.,  M.  Am.  Soc.  C.  K.,  has 
been  for  a  long  period  luigineer-in-Chief. 

The  cost  of  the  work,  divided  into  the  several  reefs,  is  as 
follows: 

RiU'f  Xoftli  of  Outer  End- 

Labor 516,949  59 

^latcrial 3,395  42 

Dredging 9,731  25 

'i'owage 548  73  , 
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Reef  South  of  Outer  End— 

Labor 6,974  30 

Material 1,816  84 

Dredging 6,662  50 

Towage 274  36 

E.  R.  Lowe  paid  on  account 3»798  67 

Reef  South  of  hmer  End — 

Labor 13,217  16 

Material 2,526  24 

Dredging 5752  08 

Towage 548  73 

Total $72,195  %^ 

The  cost  of  building  the  two  drilling  floats  is  as  follows: 

Labor $946  18 

Material 4,101   50 

The  calculated  amount  of  rock  removed  is  as  follows: 

Reef  north  of  outer  end 766  cu.  yds. 

Reef  south  of  outer  end 357 

Reef  south  of  inner  end 407 


(i 


44 


Making  a  total  of J»530  cu.  yds. 

of  solid  rock,  measured  in  place. 

Besides  this  amount  of  solid  rock,  there  was  removed  about 
450  cu.  yds.  of  rip-rap,  thus  making  the  total  1,980  cu.  yds  of 
rock  removed. 

The  amount  of  Rock  removed,  measured  in  the  scow,  is  as 
follows : 

Reef  north  cf  outer  end,  by  dredge.  .  . .     1,285  cu.  yds. 

**         *•  •'  by  divers  ....        150 

Reef  south  of  outer  end,  by  dredge.  .  . .        843 

by   divers 118      •' 

Reef  south  of  inner  end,  by  dredge.  .  . .     2,677 

"  bv   divLMS  ....        I  ^O 

Making  a  total  of  rock  removed  and 

measured  in  the  scow ^,22;  cu.  vds. 

John  A.  Bknski.,  '84, 
Trans.  Am.  .Soc.  Civil  I^n^^inccrs   Scj)t..  1894. 
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ELECTRICITY  FOR  MINING  PLANTS. — The  cost  of  installing 
an  electical  power-transmission  plant  in  regions  remote  from 
railways,  and  the  natural  disinclination  of  mine  managers  to 
try  experiments,  have  been  important  causes  in  delaying  the 
application  of  electricity  to  mining  and  milling  purposes.  An- 
other reason  that  explains  the  reluctance  of  mining  companies, 
who  sometimes  undertake  chimerical  metallurgical  ventures 
with  surprising  willingness,  to  introduce  electrical  apparatus,  is 
the  widespread  ignorance  of  electrical  matters  on  the  part  of 
practical  miners.  It  seems  to  be  hardly  appreciated  yet  that 
the  operation  of  an  electrical  motor  under  given  conditions  can 
be  as  easily  predicted  as  the  operation  of  an  engine  or  boiler. 

The  thought  of  applying  electric  motors  in  mining  opera- 
tions, unfortunately,  seems  always  to  suggest  electric  drills, 
subterranean  trolley  roads  and  hoisting  plants,  all  of  which  in- 
volve peculiar  conditions  of  insulation  to  prevent  danger  from 
fire  or  injury  to  men  by  bare  wires,  and  also  other  requirements 
not  found  in  surface  plants.  The  field  wherein  electricity  is  an 
unrivalled  means  of  reducing  the  cost  of  mining  work  is  not  in 
its  underground  applications,  where  many  details  of  construc- 
tion have  still  to  be  determined  by  experience,  but  where  it 
may  be  used  for  reducing  the  primary  cost  of  a  horse-power 
delivered  at  the  main  shaft  of  a  mill  or  the  drum  of  a  hoisting 
engine. 

If  b\'  electricity  we  can  secure  cheap  motive  power  as  the 
prime  mover,  we  may  still  use  miles  of  com|)ressed  air  pipes, 
innumerable  air  drills,  winches,  and  without  doing  violence  to 
the  j)rejudicx's  of  the  miners,  still  effect  a  large  saving  in  oper- 
ating expeni>es.  Having  materially  reduced  the  first  cost  of 
producing  the  total  horse-power  required,  the  inefficient  man- 
ner in  which  a  part  may  be  distributed  through  the  mine  or 
mill  (Iocs  not  make  an  item  of  so  great  importance  in  the  ex- 
pense account. 

To  illustrate  the  value  that  elcctricit\'  may  have  as  a  factor 
in  mining  work,  let  us  take  a  case  under  conditions  that  some- 
times prevail,  and  consider  a  500  horse-power  mine  plant  lo- 
cated in  a  remote  district  and  de[)en(ient  upon  wood  for  fuel. 
As  the  surrounding  forest  is  cK\slr()\ed  for  timber  and  fuel,  the 
cost  per  horse-power  will  steadily  become  greater.     If  the  con- 
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sumption  of  wood  continues  the  expense  for  power  alone  will 
at  last  equal  the  value  of  the  product  of  the  mine,  and  its  prof- 
itable working  must  cease. 

The  rapid  destruction  of  the  forest  may  be  roughly  calcu- 
lated as  follows:  Assuming  an  evaporation  of  8  pounds  of  water 
per  pound  of  coal  (equal  to  2.5  pounds  of  wood)  and  that  the 
engines  require  25  pounds  of  water  per  horse-power  per  hour, 
we  find  about  7,600  cords  of  wood  will  be  required  annually  for 
fuel  alone.  We  may  also  assume  that  the  large  timbers  arc  re- 
served for  mining  purposes  and  amount  to  say  one-quarter  of 
the  wood  cut.  The  total  annual  destruction  of  the  forest  will 
thus  exceed  10, 100  cords  for  a  plant  using  only  500  horse-power. 
If  60  cords  can  be  cut  from  an  acre,  we  will  have  to  cut  down 
167  acres,  or  .26  square  miles,  per  year  to  supply  the  require- 
ments of  the  plant.  At  the  end  of  ten  years  there  will  have 
been  consumed  an  area  one  mile  wide  and  26  miles  long.  If  the 
country  were  uniformly  wooded,  and  no  other  destructive  agent 
had  removed  the  wood,  we  should  have  cut  the  forest  equally 
in  all  directions  until  the  nearest  standing  timber  would  be 
nearly  a  mile  from  the  boiler.  These  conditions,  however,  are 
too  nearly  ideal,  for  other  causes,  such  as  fires  and  the  demand 
of  neighboring  mines,  are  also  always  active  in  removing  the 
forest,  so,  doubtless,  long  before  the  period  mentioned  the  vis- 
ible supply  of  fuel  would  consist  of  a  remote  tract  of  timber 
land,  and,  notwithstanding  careful  contracting,  the  cost  of  fuel 
would  increase  rapidly  year  after  year.  If  wood  cost  S4  per 
cord  at  the  mine,  there  would  be  an  annual  expense  of  531,400 
for  a  50O  horse-power  plant.  Adding  to  this  the  cost  of  repairs, 
attcndants,handling  wood,  etc.,  the  actual  expenditure  for  power 
would  amount  to  sa)'  $37,500,  or  S75  per  horsc-j)ovver  per  year. 

There  are  two  methods  by  which  the  working  life  of  a  mine 
surrounded  by  such  conditions  may  be  materialh'  i)rolonged. 
^)ne  is  the  construction  of  a  railway  to  bring  fuel  more  cheaply 
to  the  boilers,  and  the  other  is  the  utilization  of  the  power  of  a 
distant  waterfall  by  electrical  transmission.  As  the  ultimate 
fate  of  a  boiler  plant  depending  upon  a  receding  forest  for  fuel 
has  been  made  evident,  let  us  determine  how  far  we  nia\'  he 
justified  in  transmitting  the  power  to  the  mine.  As  a  basis  for 
calculation,  take  S4  per  cord  as  the  maximum  price  that  can  be 
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paid  for  fuel  and  allow  a  reasonable  profit  on  the  product.  To 
make  the  calculations  approach  possibilities  of  actual  practice, 
suppose  an  electro-motive  force  of  2,000  or  3,0CX)  volts  is  to  be 
used  on  the  pole  line,  and  the  simplest  electrical  appliances  are 
to  be  employed. 

Since  the  cost  of  the  generating  and  receiving  plants  will 
be  substantially  the  same  whether  they  are  one  or  fifty  miles 
apart,  the  problem  becomes  a  determination  of  the  possible 
distance  over  which  it  will  pay  to  transmit  the  power. 

Remembering  that  the  weight  of  copper  required  for  con- 
ductors varies  with  the  square  of  the  distance  for  a  given  elec- 
tro-motive force  and  also  inversely  as  the  square  of  the  electro- 
motive force  for  different  voltages,  if  we  determine  the  number 
of  dollars  to  be  expended,  a  complete  solution  can  be  obtained 
for  any  electro-motive  force  desired  after  knowing  the  total 
cost  of  copper  per  pound  on  the  line. 

L.et  us  then  put  Fs  =  first  cost  of  steam  plant. 

Ps  =  percentage  covering  interest,  depreciation  and  repairs. 

Cs  =  wages,  oil,  waste,  taxes,  insurance,  etc. 

A  =  cost  of  fuel  per  pound  of  steam. 

N  =  number  of  horse-power  hours  per  year  the  plant  is  op- 
erated. 

S  =  number  pounds  of  steam  per  horse-power  hour. 

The  annual  cost  of  operating  will  then  evidently  be  Ps  Fs 
-f-A  N  S-hCs. 

Also,  let  Fc  =  first  cost  of  electric  plant. 

Pc  =  percentage  covering  interest,  depreciation  and  repairs. 

Fh  =  first  cost  of  hydraulic  plant  required  for  driving  gen- 
erators. 

Ph  =  Pcrcenta*i[e  covering  depreciation,  interest  and  repairs. 

Fi  =  first  cost  of  copper  conductors  between  generating  and 
receiving  station. 

Pi  =  Percentage  covering  dcj)reciation,  etc. 

Ce  =  constant  expenses  electric  plant. 

Ch  =  constant  expenses  hydraulic  plant. 

Ci  =  constant  ex[)enses  pole  line. 


Olhani)  Nkw  Mkthods  with  thk  Indicator. — Some  years 
back   indicating  an  engine   was  pretty  much   a  two-days'  job. 
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It  was  looked  upon  as  good  time  if  the  engine  was  not  stopped 
over  half  a  day  and  the  result  reported  within  forty-eight  hours. 
Let  us  compare  this  with  later  methods.  For  rapid  work 
the  following  would  probably  be  best  suited  :  first,  an  indi- 
cator with  attached  reducing-wheel ;  second,  a  three-way  cock, 
with  elbow  and  three  or  four  short  pieces  of  five-ply  half-inch 
steam  hose,  with  elbow  and  union  piece  attached;  and  last,  the 
drilled  standard.  A  monkey-wrench,  a  brace,  a  y\  drill  and  a 
half-inch  hob  tap  will  be  all  the  tools  called  for.  The  cross- 
head  is  first  drilled  and  tapped  and  the  standard  screwed  in. 
The  plugs  are  then  removed  and  the  three-way  cock  screwed 
into  rod  end  of  cylinder.  That  piece  of  steam  hose  is  selected 
which  comes  nearest  the  cylinder  length,  and  its  elbow  screwed 
into  head  end  of  cylinder  and  its  union  connection  made  tight 
into  the  three-way  cock.  The  proper  spring  is  put  in  indicator 
and  the  proper  bushing  put  on  reducing-wheel.  The  cord  is 
run  forward  to  hole  in  standard,  which  comes  level  with  bottom 
of  reducing-wheel  and  the  card  is  taken.  If  the  indicator  and 
reducing-wheel  are  set  up  for  engine  before  starting,  there  is  no 
reason  why  the  job  should  take  over  fifteen  minutes. 

If  there  is  no  planimeter  available,  calculating  the  card  is 
about  like  it  used  to  be,  except  that  to  any  one  acquainted  with 
the  use  of  logarithms,  the  work  is  greatly  expedited  by  their 
use.     With  the  ordinary  planimeter  the  mean  effective  pressure 
can  be  obtained  without  much  figuring.    Other  planimeters  will 
gfive  mean  effective  pressure  as  if  card  were  taken  with  a  forty- 
pound  spring,  and  a  correction  is  applied  to  reduce  reading  to 
that  of  the  spring  used.     After  obtaining  the  mean  effective 
pressure,  the  horse-power  is  only  a  matter  of  multiplication  and 
long  division. 

The  writer  has  lately  patented  a  planimeter  which  will  read 
mc^an  effective  pressure  and  horse-power  direct  from  the  card 
witihout  calculation  of  any  kind.  Provided  with  the  attachments 
mentioned  and  this  direct-reading  planimeter,  the  writer  has  fre- 
(lucrntly  attached,  indicated  and  rei)ortcd  the  horse-power  of  an 
^^S"ine  inside  of  fifteen  minutes;  and  there  is  no  reason  whv^ 
*^^y  one  familiar  with  the  work  and  instrument  should  take  a 
^^<^at  deal  longer. 

It  would  at  first  sight  api:)car  that  the  steam  hose  connec- 
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tions  would  be  objectionable  and  cause  inaccurate  cards.  It 
will,  however,  be  noted  that  the  hose  is  the  same  bore  and 
practically  the  same  length  as  the  half-inch  pipe  usually  em- 
ployed when  one  indicator  is  used.  By  selecting  the  shortest 
length  of  hose  which  will  reach  the  union,  there  should  not  be 
be  over  two  or  three  inches  more  hose  than  there  would  be 
steam  pipe.  In  some  instances,  on  account  of  the  rectangular 
piping  necessitated  around  the  throttle,  there  is  really  less  hose 
than  there  would  be  pipe.  For  some  years  the  writer  has  used 
this  method  and  has  never  noticed  any  difference  between  the 
cards  taken  through  the  hose  and  those  taken  through  pipe. 
The  only  trouble  met  with  has  been  that  with  new  hose  the 
steam  carries  a  black  gum  over  to  the  piston  and  fouls  it  badly. 
In  connection  with  attaching  the  indicator  there  occurs  an 
effect  on  the  card  which  may  have  passed  unnoticed,  or,  if 
noticed,  unexplained.  Sometimes  cards  have  hooks  or  beaks 
at  the  end  of  compression.  This  is  due  to  the  engine-piston 
closing  the  indicator-ports  at  each  end  of  the  stroke,  and  the 
only  remedy  is  to  cape  out  well  from  holes  into  counter-boring. 
It  would  seem  pretty  hard  to  explain  the  hooks  by  valve-action, 
but  in  one  instance  a  party  had  it  so  thoroughly  explained  to 
his  own  satisfaction  that  only  by  caping  out  into  the  counter- 
boring  before  him  was  it  possible  to  prove  that  this  was  the 
cause.  -  Edu'ard  J.  Willis,  M.E.,  in  Mnchincrw  Dec,  iSg^. 


Ki:CKNT  KKSKAKCIIKS  IN  THE  INFKA-KKI)  SPECTRUM.  -'*  Na- 
ture," in  its  issue  of  November  i,  1894,  describes  tiie  latest 
tliscoverics  of  S.  P.  Langlrx'  on  this  subject.  He  has  lately 
perfected  and  set  uj)  at  W'asliington  an  apj)aratus  in  which  the 
use  of  the  bolometer  instead  of  a  thermo-pile  gives  extreme 
accuracy,  while  an  automatic  device  for  recording  the  spectral 
lines  makes  possible,  in  one  (la\',  more  results  than  were  pre- 
viousK'  obtained  in  two  vears  of  labor.  He  describes  his 
ai)|)aratus  as  follows  : 

"The  Poucault  siderostat,  perhaps  the  most  powerful  in- 
strument of  the  kind  existing,  was  originally  made  by  Sir  How- 
ard Grubb  of  Dublin,  from  my  indications;  but  its  dispositions 
liaxr  since  been  considerably  modified.  A  beam  from  its 
tvvcnt\'-inch  mirror  is  conveyed  throuuli  the  slit  of  a  horizontal 
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collimating  telescope,  having  a  rock  salt  objective  of  nearly 
seventeen  centimetres  aperture,  and  of  ten  metres  focal  length, 
to  the  prism  or  grating.  The  prism  is  of  rock-salt  of  corre- 
sponding dimensions,  worked  (by  Brashear)  with  the  precision 
of,  and  presenting  all  the  external  appearance  of  one  of  flint 
glass.  It  is  mounted  on  a  massive  spcctro-bolomcter  (as  the 
instrument  which  supports  the  prism  or  grating  used  in  pro- 
ducing the  spectrum  is  called ).  This  instrument  includes  a 
large  azimuth  circle,  over  the  centre  of  which  the  i)rism  is 
placed,  and  it  also  carries  the  bolometer,  which  registers  the 
spectral  heat.  The  focal  length  of  the  image-forming  lens,  or 
mirror,  is  in  this  instrument  much  greater  than  in  the  first  one 
used,  and  all  parts  of  the  apparatus  are  correspondingly  in- 
creased in  size  and  stability.  The  most  important  and  novel 
feature  is,  however,  the  mechanical  connection  of  the  large  azi- 
muthal  circle  carrying  the  prism,  with  a  distant  photographic 
plate,  susceptible  of  vertical  motion,  and  which  latter  takes  the 
place  of  the  scale  formerly  in  front  of  the  remote  galvanom- 
eter, both  circle  and  plate  being  moved  by  the  same  clockwork, 
which  is  of  such  steadiness  and  precision  as  to  make  the  two 
movements  as  far  as  possible  perfectly  synchronous." 

Such  is  the  refinement  of  this  apparatus  that  the  bolometer 
will  detect  changes  of  temperature  which  are  less  than  fxiiTTjooff 
of  a  degree  centigrade,  while  it  is  possible  to  distinguish  lines 
separated  by  three  seconds  or  less  of  arc.  Supposing  the  part 
of  the  spectrum  under  observation  to  cover  2'^  or  7200",  it  is 
seen  that  2000  lines,  if  they  exist,  can  be  mapped.  Rut  thrse 
lines  do  exist,  and  many  of  them  have  been  recorded. 

Refined  as  these  experiments  are,  it  may  be  said  that  re- 
search in  this  direction  has  only  begun,  as  no  attempt  has  been 
made  to  interpret  the  lines;  but  the  importance  of  thc^  matter 
may  be  realized  when  we  consider  that  this  j^art  of  the  spec- 
trum embraces  three-quarters  of  the  whole  energ\'  of  the  sun. 


CONCENTRATION      AND      DISTILLATION      OF      IL,   ().,. —  In      the 

"Berichte  der  deutschen  chenieschen  Gesellschaft,"  Richard 
Wolffenstein  describes  some  recent  experiments  with  i)er- 
o.xide  of  hydrogen.  He  found  that  an  aqueous  solution  of 
H^Og.  if  sufficiently  pure,  can  easily  be  concentrated  b\'  heat- 
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ing  in  a  partial  vacuum.  A  three-per-cent.  solution  of  H^Oj 
can  be  concentrated  to  45%  without  material  loss.  With  higher 
concentration,  the  volatility  of  the  substance  increases  rapidly, 
until,  at  68  millimetres  pressure  and  84°  to  85°  C,  almost  per- 
fectly anhydrous  HgOg  is  distilled  over.  This  is  free  from  all 
impurity.  It  is  a  clear,  colorless,  syrupy  fluid,  and  evaporates  in 
the  air. 

In  contact  with  the  skin,  it  produces  a  prickling  sensation 
and  white  spots,  which  disappear  in  a  few  hours. 

In  endeavoring  to  liquefy  the  two  hydrates,  H^O^  +  H^O 
and  H3O2  +  2H2O,  he  found  that  neither  was  affected  by  a 
temperature  of  —  20°  C,  and  they  could  only  be  frozen  by  a 
mixture  of  ether  and  solid  carbonic  acid. 
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The  Institute  Catalogue  for  1895-6  will  contain  the  following  no- 
tices: 

•'  When  applicants  for  admission  reside  a  great  distance  from  the  Insti- 
tute, arrangements  will  be  made  for  their  examination  at  localities  more 
readily  accessible  to  them." 

"The  requirements  for  admission  in  1895  will  not  include  French  unless 
applicant  desires  to  pursue  the  study  of  Spanish  in  the  regular  course.  In 
such  cases  the  requirements  in  F*rench  will  be  as  stated  in  this  Catalogue." 

The  Midwinter  Meeting  of  the  Alumni  Association  of  the  Stevens 
Institute  of  Technology  will  be  held  in  the  Lecture  R(K)m,  at  Hohoken,  N. 
J.,  on  Wednesday  evening,  February  20,  1895,  at  eight  o'clock.  It  will  par- 
take mainly  of  an  informal  social  nature,  and  the  usual  collation  provided 
by  the  Association  will  be  served.  The  Executive  Committee  expects  to 
provide  other  social  attractions  as  a  further  inducement  for  most  of  the 
members  to  be  present. 

President  Morton  has  presented  the  Klectrical  Laboratory  with  a3oo- 
incandescent-light  dynamo  (a  150-anipere,  iio-volt  machine),  such  as  the 
manufacturers  sell  at  $1,000.  Dr.  Creyor  has  taken  evident  ])leasure  in  lo- 
cating this  valuable  accjuisition  to  his  laboratory. 

Prof.  A.  M.  Mayer,  at  the  Regular  Meeting  of  the  Academy  of  Sci- 
ences, on  Nov.  5,  in  Hamilton  Hall,  Columbia  College,  read  a  paper  "On 
the  Production  of  Beats  and  Beat- Tones  ])y  Two  X'ibratory  Bodies  whose 
Frequencies  of  \'ibration  are  so  Great  as  to  Surpass  the  Limit  of  Audibility." 

At  the  meeting  of  the  Academy  on  Jan.  7,  Prof.  Mayer  j>resciiicd  a  pa- 
per "On  Chladni's  figures  formed  on  vibrating  plates  strewn  with  sand; 
with  ex[)eriments  showing  the  method  of  obtaining  these  tigures  and  the  ex- 
hibition of  the  figures  in  sand  transferred  to  paper  by  a  process  invented  by 
Prof.  Mayer;  also,  the  comparison  of  llie  real  figures  with  those  given  by 
the  Physico-Mathematical  investigations  of  Lord  Rayk-igh.  and  with  those 
given  in  text-books  on  Physics." 

The  paper  preskntfd  bv  Profkssok  Jacoius  at  the  December 
Meeting  of  the  American  Society  of  Mcclumical  I'.ngineers,  entitled  '*  Re- 
sults of  Measurements  to  Test  the  Accuracy  of  Small  Throttling  Calorime- 
ters," has  been  extensively  copied  by  the  engineering  press,  both  American 
and  foreign,  and  has  attracted  very  general  attention. 
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At  the  second  General  Meeting  of  the  Society  of  Naval  Architects 
and  Marine  Engineers,  held  in  the  auditorium  of  the  American  Society  of 
Mechanical  Engineers,  No.  12  West  Thirty-first  street.  New  York,  on  No- 
vember 15  and  16,  Professors  Denton  and  Jacobus  and  A.  W.  Stahl,  '76;  G. 
C.  Henning,  '76,  and  H.  L.  Gantt,  '84,  were  in  attendance.  Mr.  Stahl  read  a 
paper  on  Hydraulic  Power  for  War  Ships.  Professor  Jacobus  discussed  the 
paper  on  *'A  Dynamic  Steam  Engine  Indicator  Tester"  of  Professors  Pea- 
body  and  Miller,  of  Massachusetts  Institute  of  Technology.  Mr.  Gantt 
joined  in  the  discussion  of  the  paper  on  "  Present  Status  of  Face-Hardened 
Armor,"  presented  by  Capt.  W.  T.  Sampson,  Chief  of  Ordnance,  U.  S.  N. 

Professors  Denton  and  Jacobus  have  conducted  an  exhaustive 
test  of  Stratton  Separators,  with  a  view  to  determine  their  efficiency  with 
varying  percentages  of  moisture. 

Professor  Jacobus  made  a  trip  in  December  to  Southampton  in  the 
American  Line  steamship  AWt/  York,  to  test  for  Prof.  Denton  the  compara- 
tive value  of  two  lubricants,  one  of  which  was  used  on  the  engines  during 
the  outward  voyage  and  the  other  during  the  return  trip. 

Among  the  members  and  guests  of  the  American  Society  of  Mechanical 
Engineers  who  registered  at  the  Annual  Meeting  of  the  Society,  Dec,  1894, 
were  the  following  members  of  Stevens  Alumni  Association: 

W.  S.  Ackerman,  J.  W.  Lieb,  Jr., 

II.  A.  Hang,  \Vm.  ().  Ludlow, 

Cxco.  M.  Bond,  W.  L.  Lyall, 

W.  H.  Bristol,  H.  C.  Meyer,  Jr., 

A.  E.  Bruen,  A.  B.  Moore, 

Ct.  K.  Bruen,  H.  tic  B.  Parsons, 

Gordon  Campbell,  W.  E.  yuimby, 

L.  Carter,  J.  M.  Rusby, 

James  M.  Crenier,  J.  1-..  Sague, 

Orton  (i.  Dale,  Geo.  M.  Sinclair, 

W.  W.   Dashiell,  Albert  Spies, 

(;.  1).  Dinkel,  11.  W.  Smith. 

A.  V .  (hi  Faur,  1'..  A.  Stevens, 

E.  1).  Estrada.  F.  N.  Taff, 

E.  H.  Foster,  (1.  L.   Todd, 
H.  L.  (iantt,  K.  Torrance, 

C.  A.  (irceiiidge.  A.  P.  Trautwein, 

G.  C.  Henning,  Fred'k  X.  X'reeland, 

F.  E.  Idcll.  J.  B.  Webb, 
1).  S.  Jacobus,  H.  C.  White, 
M.  C.  Jenkins,  Maunsel  White, 
F.  C.  Jones.  A.  R.  Williams, 
Wni.  Kent.  I)e  Volson  Wood, 
C.  \'.  Kerr,  A.  R.  Wolff, 

A.  Lcnssen,  W.  B.  ^'ereance. 
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To  G.  W.  CoLLES  AND  E.  B.  Gallagher,  '94,  has  been  awarded  the 
prize  offered  by  the  Engineering  News  for  the  best  thesis  written  by  gradu- 
ates of  any  scientific  institution  in  the  United  States  or  Canada,  and  sub- 
mitted for  competition. 

The  title  of  the  successful  thesis  is  Test  of  an  Electric  Railway  Power 
Station  at  West  Haven,  Conn. 


STEVENS   ENGINEERING  SOCIETY. 

The  first  meeting  of  the  year  was  held  on  Thursday,  Oct.  25.  Mr.  B.  C. 
Ball,  *95,  read  a  paper  on  "Steam-Engine  Governors,"  in  which  he  described 
the  various  forms  of  fly-wheel  governors  now  in  use,  and  explained  their 
theory  and  mode  of  adjustment. 

Mr.  Greenidge,  '95,  spoke  on  the  manufacture  of  pai)er,  describing  the 
process  employed  in  a  mill  in  which  scrap  paper  is  used  as  stock. 

A  new  feature  for  these  meetings  was  then  introduced,  namely,  a  review 
by  Mr.  Ganz,  95,  of  the  current  technical  periodicals.  He  called  attention 
to  several  interesting  articles,  among  them  "  Power  Transmission  by  Com- 
pressed Air,"  and  "Theory  and  Practice  of  the  Friction  Clutch." 

On  Nov.  9  the  second  meeting  was  held,  when  Mr.  Corbett,  '95,  read  a 
paper  whose  subject  was  "A  Review  of  Water  as  a  Motive  Power."  The 
paper  was  illustrated  by  drawings,  and  covered  the  history  of  the  utilization 
of  water-jwwer  from  the  primitive  water-wheel  to  the  modern  turbine.  Mr. 
Ganz  again  reviewed  the  technical  papers,  noting  especially  articles  on 
"The  Breaking  of  ?'ly-Wheels,"  "Windmills  in  Electric  Lighting,"  and 
"  Welding  by  Electricity." 

At  the  meeting  of  Friday,  Nov.  23,  Mr.  Paulding,  '95,  related  an  ex[)eri- 
ence  in  testing  a  simple  non-condensing  engine.  He  showed  on  the  screen 
cards  taken  when  the  engine  was  consuming  80  lbs.  of  steam  per  hour  per 
H.  P..  and  pointed  out  the  peculiarities  of  the  card  which  indicated  faulty 
adjustment  of  the  valves  and  governor.  After  these  defects  had  been  reme- 
died the  water-consumption  was  reduced  to  60  lf)s.  per  hour  per  H.  P. 

Mr.  Walker,  95,  reviewed  the  mechanical  journals,  describing  the  elec- 
trolytic extraction  of  aluminium,  and  mentioning  some  of  the  uses  to  which 
the  metal  is  put.  He  also  spoke  on  the  disposal  of  sewage  and  garbage,  and 
explained  several  processes  in  use  in  Europe. 

Mr.  Boucher,  'c)6,  reviewed  the  electrical  journals.  He  explained  the 
new  conduit  electric  railway  which  is  being  constructed  in  New  York,  in 
which  the  conductors  are  of  channel  iron,  supported  by  soai)stone  insulators. 
He  next  described  the  Sperry  electric  brake.  In  this  device  the  ordinary 
brake-shoe  on  the  tread  of  the  wheel  is  replaced  by  a  disc  which  presses  on 
the  inner  face  of  the  wheel.  The  pressure  is  caused  by  magnetic  attraction 
between  the  disc,  which  is  magnetized  by  a  coil  imbedded  in  it,  and  the  car- 
wheel.  The  current  for  the  brake  is  supplied  by  the  mot<.)rs,  which  are  tem- 
porarily turned  into  dynamos,  and  thus  the  reaction  of  the  armature  helps  to 
stop  the  car. 
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At  the  meeting  of  Dec.  6  Mr.  Rae,  '96,  read  a  paper  on  Naphtha  Engines 
and  Launches,  giving  a  very  clear  and  complete  description  of  the  entire 
plant -engine,  boiler,  and  condensing  device. 

Mr.  Schmidt,  95,  reviewed  the  mechanical  journals,  abstracting  the  re- 
port of  the  committee  of  engineers  to  determine  the  maximum  practical 
length  of  span  of  the  proposed  suspension  bridge  over  the  Hudson  River. 

Mr.  Vreeland,  95,  reviewed  the  electrical  journals.  He  called  attention 
to  a  new  process  of  making  electric-light  carbons  of  carborandum,  and  de- 
scribed an  automatic  engine-stop,  which  is  designed  to  stop  an  engine  when 
a  button  is  pressed  in  any  part  of  a  factory,  or  when  the  engine  starts  to  run 
away. 

The  first  meeting  of  the  Kngineering  Society  in  1895  was  held  Jan.  11 
when  a  large  number  of  members  and  under-classmen  listened   to  a  paper 
by  Prof.  Anderson  on  the  making  of  Lantern  Slides.     He  explained  the 
whole  process  very  clearly,  and  described  the  necessary  apparatus,  includ- 
ing several  ingenious  devices  of  his  own  design. 

Mr.  Allan,  '95,  reviewed  the  mechanical  journals,  calling  special  atten- 
tion to  an  article  on  dynamometers,  and  Mr.  Boucher,  '96,  reviewed  the  elec- 
trical peri(Klicals,  describing,  among  other  things,  the  process  of  manufacture 
of  incandescent  lamps,  and  the  Budapest  electric  railway. 

MUSICAL  CLUBS. 

Concerts  by  the  Glee,  Banjo,  and  Mandolin  Clubs  have  been  arranged 
for  in  Hoboken,  on  January  15;  Jersey  City,  January  22;  Bergen  Point,  Jan- 
uary 29.  and  Montclair,  February  4. 

CIIKSS   CLUB. 

A  meeting  of  the  Cliess  Club  was  held  to  elect  officers  for  the  ensuing 
year.  The  following  men  were  elected:  President,  H.  H.  Maxfield,  95; 
Vice-President,  (i.  Rae,  '(/>;  Secretary,  K.  F.  Burnet.  '96;  Treasurer,  Guy 
Hopkins,  '95;  members  of  Executive  Conunittee:  M.  J.  Weicnert,  \)6;  R.  E. 
Hall.  95;  W.  C.  Morris,  V^-  A  committee  is  arranging  for  the  annual 
tournament. 

THr.    SOUTHERN   CLUB. 

At  the  last  nieetiiii^  of  the  Southern  Club  the  following  officers  were 
elected:  J.  B.  Hamilton,  95,  President;  E.  Campbell,  '0,  Vice-president;  J. 
P.  Kennedy,  '(/>,  Secretary  and  Treasurer. 

FOOTBALI,. 

The  annual  dinner  of  the  football  team  of  i8(j4  was  heltl  (Mi  Wednesday 
evening,  Oct.  24.  Ilie  team  j)erformed  its  last  act  as  an  organization  by 
electing  Mr.  Jennings,  V).  Captain  for  i8()5. 

TKNMS. 

At  a  recent  meet'ng  of  the  Tennis  Club  a  prize  was  awarded  to  each  of 
the  class  cliampions,  namely,  Messrs.  W  alker,  \)5;  Summerhayes,  '96;  Mil- 
lard, '(>/.  and  Scott.  '()K.  The  tournament  for  the  college  championship, 
whi(  h  was  deferred  owin^to  unfavorable  weather,  may  be  held  in  the  spring. 


INSTITUTE  PERSONALS. 


//  is  our  endeavor  to  notice  muter  this  heading  suck  items  o/nnvs  affect- 
ing graduates  of  the  Institute  as  may  interest  their  ciassmates  and  friends 
among  the  Alumni.  We  are  indebted  to  a  few  members  for  regular  or  fre- 
quent contributions  ofitetns^  and  wish  to  make  it  known  that  the  co-operation 
of  all  is  most  desirable,  and  will  be  appreciated.      Managing  Editor. 

~^. 

Grs.  C.  HENNiNG.in  The  American  Machinist  iA  Oecember  27,  reviews 
a  recent  work  in  German  on  "  Elasticity  and  Resistance  of  Materials,"  by 
Prof.  C.  Bach,  of  the  Technical  School  at  Stuttgart,  and  states  that  the  re- 
sults of  all  of  Prof.  Bach's  experiments  on  flat  plates  prove  uniformly  that 
their  resistance  varies  as  the  square  of  the  thickness,  and  not  as  the  first 
power. 

I'nder  the  title  "  A  Paradox  in  Hydraulics,"  Mr.  Henninj^  K'ves,  in  The 
American  Machinist  of  January  3,  a  mathematical  analysis  of  the  action  of 
an  impact  pump,  and  calls  attention  to  the  fact  that  under  some  conditions 
a  reciprocating  pump  will  deliver  a  considerable  ciuantity  of  water  in  excess 
of  the  product  of  the  volume  of  its  cylinder  by  the  number  of  strokes. 

A.  W.  Stahl,  who  has  for  several  years  been  on  duty  as  Chief  Con- 
structor, L\  S.  N.,  at  the  Union  Iron  Works,  San  Francisco,  has  been  ordered 
to  the  Washington  Navy  Yard,  the  most  imjiortant  post  in  the  Department 
in  respect  to  con.^^tructive  engineering  work. 

\\.  the  November  Meeting  of  the  Society  of  Naval  Architects  and  Ma- 
rine P^ngineers  he  read  a  comprehensive  paper  on  "Hydraulic  Power  for 
Warships,"  in  which  he  explained  the  possibility  of  further  extension  of  the 
application  of  such  jH)wer,  called  attention  to  the  con.^ecjuent  advantages, 
and  expressed  the  hope  that  the  Navy  Department  will  authorize  the  adop- 
tion of  a  comprehensive  system  of  hydraulic  power  in  one  of  the  new  vessels. 

This  paper,  with  very  complete  illustrations,  is  published  in  the  Trans- 
actions of  the  Society  of  Naval  Architects  and   Marine  Engineers,  \'ol.  2, 

Naval  Constructor  Stahl  finished  some  weeks  ago  the  two  designs  pro- 
posed, one  cylindrical  and  the  other  elliptical,  for  the  turrets  of  the  battle- 
ship loufa  and  the  cruiser  Brooklyn. 

The  Bureau  of  Ordnance  otllicers  favored  the  cylindrical  design,  claim- 
ing it  possesses  greater  strength,  contains  more  room,  and  is  chea[)er;  and 
Secretary  Herbert  has  decided  to  adopt  it. 

•79. 

James  Kelly,  having  severed  his  connection  with  the  Edison  Wire 
Works,  has  entered  the  selling  department  of  the  New  York  Insulated  Wire 
Company. 
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•80.  ^ 

Geo.  M.  Bond  is  a  member  of  the  Committee  on  Standard  Gauges  for 
Thickness  appointed  by  the  American  Society  of  Mechanical  Engineers. 

This  committee  (which  is  composed  of  the  following  engineers:  Thos. 
Eggleston,  S.  T.  Wellman,  Oberlin  Smith,  and  Schuyler  S.  Wheeler,  in  ad- 
dition to  Mr.  Bond)  has  corresponded  during  the  past  year  with  a  number  of 
American  and  foreign  societies,  with  a  view  to  securing  the  adoption  of  a 
uniform  system,  and  find  that  the  action  is  likely  to  be  unanimous  in  favor 
of  abolishing  gauges  and  the  adoption  of  a  decimal  system  for  diameters 
and  thicknesses. 

The  French  Government  have  abolished  the  arbitrary  gauge-system  ab- 
solutely, and  have  made  the  legal  measurement  to  be  the  hundredth  of  a 
millimetre. 

The  following  resolution,  offered  by  the  committee,  was  unanimously 
adopted,  and  the  committee  continued: 

Resolved^  That  the  American  Society  of  Mechanical  Engineers  recom- 
mends to  its  members,  and  urges  upon  all  persons  using  a  gauge-system,  to 
abandon  the  use  of  arbitrary  gauges  and  to  give  the  actual  thicknesses  and 
diameters  in  a  decimal  system. 

J.  W.  LiEB,  Jr.,  who  was  the  Technical  Director  of  the  Edison  Company 
at  Milan,  Italy,  for  nearly  twelve  years,  returned  to  this  country  early  last 
year.  He  resumed  his  connection  with  the  Edison  Electric  Illuminating 
Company  of  New  York,  and  is  now  the  Assistant  General  Manager. 

•81. 

Ai.BERT  Spies  has  written  an  interesting  article  in  Gassier* s  Magazine 
for  November,  going  into  the  details  of  the  history  of  the  first  iron  casting 
in  America. 

•82. 

PiKKCK  BriLKK  returned  last  fall  from  a  trip  with  his  wife  to  Europe, 
and  has  ()i)ene(l  an  ortice  as  Meclianiciil  Engineer  in  the  Norton  Building, 
Louisville,  Kentucky. 

Geo.  GiBHS  has  recently  closed  a  contract  with  the  Chicago,  Milwaukee, 
and  St.  Paul  K.  R.  for  one  of  his  interlocking  signal  plants  to  protect  an 
electric  street-car  crossing  at  (jrayland,  Illinois. 

R()(;i:k  H.  Wiiitlock  was  married  to  Miss  Effie  Dean  Cable  on  De- 
cember 25,  at  Mackinac  Island,  Michigan. 

■83. 

L.  S.  Randoli'H  presented,  at  the  December  meeting  of  the  American 
Society  of  Mechanical  Engineers,  a  paper  entitled  "  Strength  of  Railway  Car 
Axles,"  and  embodying  some  calculations  made  by  the  writer  of  the  strains 
ui)on  the  axles  of  freight  cars. 

'84. 

John  A.  Henskl,  under  wliose  direction,  as  "Assistant  Engineer  of  the 
Department  of  Docks  of  New  York  City,  the  removal  of  about  2,000  cubic 
yards  of  rock,  in  the  vicinity  of  Pier  No.   14,  in   1892  and   1893,  was  accom- 
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plishe<J,  thereby  securing  a  depth  of  35  feet  below  mean  low  water,  for  the 
American  Line  steamships  Paris  and  New  York^  read  a  paper  at  the  An- 
nual Convention  in  June,  of  the  American  Society  of  Civil  Engineers,  de- 
scribing in  detail  the 'difficulties  encountered  and  the  methods  employed  in 
the  removal  of  this  rock  as  much  as  40  feet  below  the  surface  of  the  water. 

Geo.  M.  Sinclair,  in  "Notes  on  Steel  P'orgings,"  a  paper  presented  at 
the  December  meeting  of  the  American  Society  of  Mechanical  Engineers, 
concisely  states  some  of  the  general  principles  controlling  the  manufacture 
and  use  of  steel  forgings. 

Alexander  Jay  Wurts  will  deliver  a  lecture  on  "  Lightning  Arrest- 
ers'* on  March  15th,  in  the  Franklin  Institute  course  of  lectures  for  the  sea- 
son of  1894-1895,  at  15  South  Seventh  Street,  Philadelphia,  Pa. 

'86. 

C.  J.  Fi  ELD  presented,  at  the  December  meeting  of  the  American  Society 
of  Mechanical  Engineers,  a  paper  on  "  Present  and  Prospective  Develop- 
ment of  Electric  Tramways,"  in  which  he  gave  separate  consideration  to 
Road  Bed,  Line  Construction,  Underground  Construction,  Cars  and  their 
Equipment,  Motor  Equipments,  Power  House  and  Operating  Expenses,  and 
Cost  of  Equipment. 

Francis  E.  Jackson  has  recently  associated  himself  with  Mr.  J.  W. 
Aylsworth  in  the  manufacture  of  incandescent  lamp  filaments  and  other 
carbon  specialties.  Mr.  Jackson  has  for  several  years  had  charge  of  the 
lamp-testing  department  of  the  General  Electric  Company's  factory,  at  Har- 
rison, N.  J.,  where  Mr.  Aylsworth  was  chemist,  in  charge  of  the  carbonizing 
department.    Their  factory  is  located  at  128  Essex  Avenue,  Orange,  N.  J. 

Fred.  N.  Morton  has  left  St.  Albans,  Vt.,  and  is  Superintendent  of  the 
Lockport  Gas  and  Electric  Light  Company,  of  Lock  port,  N.  Y. 

•87. 

James  H.  Bates  has  opened  an  office  as  Consulting  Mechanical  and  Elec- 
trical Engineer,  at  126  Liberty  Street,  New  York.  His  attention,  over  since 
completing  the  course  at  Stevens,  has  been  directed  to  traction  problems 
relating  largely  to  cable  and  trolley  systems  as  applied  to  street-car  service, 
and  street-railway  construction  and  equipment  will  be  a  specialty  with  him. 

'88. 

Edward  J.  Willis,  who  is  (ieneral  Manager  of  Talbott  c\:  Sons,  Rich- 
mond, Va.,  one  of  the  oldest  and  largest  concerns  manufacturing  stationary 
engines  and  boilers  in  the  South,  has  recently  patented  a  planinieter  which 
will  give  readings  of  mean  effective  pressure  and  of  horse-power  direct  from 
the  card,  without  requiring  any  calculation  whatever. 

'89. 
Robert  Gasten  Smith,  who  is  continuing  his  studies  at  Cambridge, 
has  announced  the  change  of  his  name  to  Robert  Keating  Smith,  by  an  act 
of  the  Probate  Court,  Cambridge,  Mass. 

Robert  E.  Wvant    is  Superintendent   of  Colorado  Springs  ( ias  and 
-lectric  Company,  Colorado  Springs,  Col. 
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•90. 

Shirk  Boyer  is  connected  with  Humphreys  &  Glasgow,  64  Broadway, 
New  York. 

J.  T.  Westcott  has  recently  secured  for  his  corporation,  the  Economi- 
cal Gas  Apparatus  Construction  Co.,  of  Toronto,  Canada,  an  order  to  build  a 
water-gas  plant  for  the  Blackburn  Corporation,  England,  with  a  capacity  of 
1,250,000  cubic  feet  per  day.  In  connection  with  an  extended  interview  on 
the  subjects  of  Water-Gas  vs.  Electricity,  and  Combined  Carburetters  and 
Superheaters  vs.  Double  Superheaters,  The  Gas  Worlds  of  London,  Januar>' 
5,  publishes  a  biographical  sketch  of  Mr.  Westcott,  in  which  reference  is 
made  to  Stevens  as  the  admirable  institution  where  he  received  his  mechan- 
ical engineering  training. 

91. 

Benjamin  W.  Carll  has  severed  his  connection  with  the  German- 
American  Insurance  Co.  and  has  accejJted  a  position  with  James  Beggs  & 
Co.,  9  Dey  Street,  New  York  city. 

•92. 

Carll  H.  Hotopi*  is  Sui)erintendent  of  the  Tanite  Company,  Strouds- 
burgh.  Pa. 

W.  D.  Whitcomb,  who  is  Inspector  for  R.  W.  Hildreth  &  Co.,  notifies 
us  that  the  tirm  has  removed  to  50  Broadway,  New  York,  where  all  com- 
munications for  him  should  be  addressed. 

•93- 

Franklin  I).  Ftrman,  Instructor  in  Mechanical  Drawing  at  Stevens 
Institute,  was  married  on  Saturday,  Nov.  3,  to  Miss  Minnie  A.  Thompson,  at 
tlie  home  of  the  bride,  at  Spriiiir  \'alley.  N.  V. 

MoKS  ().  Slocim  and  Miss  Gertrude  (Goodwill  (ylass  were  mairiei  on 
Dec.  27  at  the  Central  I'resbyterian  Churcli.  Rochester,  N.  Y. 

Gko.  L.  Wam.  has  entered  tlie  shops  of  the  Soutliern  R.  R..  at  Nash- 
ville, '''enn. 

H.  1).  Law'Ion  lias  ])een  enL,^a^^e(l  ])y  Kulilini^  Cv  Steinl^art,  who  are  de- 
velo|»inLi:  and  intnxlucini;  their  Pneumatic  Pyrometers.  He  is  now  standard- 
izing and  testin.i^  these  instruments  at  the  Institute. 

Frank  H.  Covni-:  has  presented  his  thesison  the  Maiuifacture  of  WcxkI 
Fi])re.  and  has  recei\  ed  liis  diploma. 

1'..  H.  (lAi.i.AciHKK  has  been  apjjointed  hy  the  Brooklyn,  Newtown,  ami 
Bowery  Bay  Railway  Co.  FiiLrineer-in-Char^n'  of  the  construction  of  a  12- 
niile  trolley  road,  to  run  from  (ireenpoint  to  Bowery  Bay.  Long  Island.  It 
is  also  reported  that  he  has  organized  a  company  and  secured  a  charter  for 
a  trolley  road  at  Peekskill,  N.  \'.,  for  which  the  consent  of  property-owners 
is  now  ])ein^  secured. 


LIST    OF    MEMBERS    OF   THE    ALUMNI    ASSOCIATION    OF 

STEVENS    INSTITUTE. 

//  is  conUmpiaUd  to  publish  in  the  January  number  of  each  year  a 
list  of  the  members  of  the  Alumni  Association,  together  with  the  business  ad- 
dress of  each. 

Absolute  accuracy  in  such  a  list  is  impossible.  Care  has  been  taken  to 
make  this  list  as  correct  as  practicable ;  and  omissions  and  errors  will  be 
corrected  in  succeeding  lists ,  if  the  facts  are  brought  to  our  notice. 

All  active  members  have  received  the  degree  of  Mechanical  Engineer, 
excepting  those  whose  degrees  are  stated  in  foot  notes. 

Degrees  in  addition  to  M.  E.  conferred  upon  fnembers  are  noted  after 
the  natnes  of  the  recipients.  Associate  members  are  indicated  by  the  word 
"  Assoc.y'  following  the  name,  and  preceding  the  date  of  the  class  with  which 
the  member  was  identified. 

AcKERMAN,  William  S.,  91 —Consulting  Engineer,  \at.  Lead  Co.,  i  Broaci- 
way,  New  York  City. 

Adams,  Harry  H.,  '93 — Consolidated  Traction  Co.,  Jersey  City,  N.  J. 

Adriance,  William  A.,  '85-  Adriance,  Piatt  &  Co.,  Manufacturers  of  Ag- 
ricultural Machinery,  Poughkeepsie,  N.  Y. 

Aguilera,  Antonio,  Jr.,  *86 — With    Bernally  Sanchez  Sugar  Co.,  Porto 
Principe,  Cuba. 

Alden,  James  S.,  '84 — Assistant  Manager,  Brick   Factory  of  L.  H.  Alden, 
Passaic,  N.  J. 

Aldrich,  William  S.,  '84 — Professor  of  Mechanical  Kngineering,  West 
Virginia  University,  Morgantown,  W.  Va. 

Anderson,  Larz  W.,  '88— Treasurer,  J.  A.  Fay  &  Egan  Co.,  Cincinnati,  (). 

Anderson,  Robert  M.,  '87  —Assistant  Professor  of  .Applied  Mathematics, 
Stevens  Institute  of  Technology. 

Anderson,  St.  Geo.  M.,  94  -Assistant  to  State  Chemist,  103  W.  Franklin 
Street,  Richmond,  Va. 

Angell,  F.  J.,  '94 — Pennsylvania  Railroad  Shops,  Altoona,  Pa. 

Antz,  Oscar,  '78 — Lake  Shore  Railway,  Brainard  Block,  Cleveland,  ().; 
also  Instructor  in  Mechanical  Engineering,  The  C()rres|)on(lence  School 
of  Technology,  Cleveland,  O. 

Aspixwall,  John,  Assoc,  '81.-  35th  Street,  cor.  First  Avenue,  New  York. 

Atkins,  Harold  B.,  92  -  Superintendent,  Pintsch  Compressing  Co.'s  Bos- 
ton Works,  Boston,  Mass. 

Atristain,  Alberto,  '90-  -Draughtsman,  Mexican  Central  R.  R.,  Mexico 
City,  Mexico. 
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Atwatek,  C.  G.,  gi     R.  M.  Atwater  &  Sons,  Glass  Knj^iiieers,   Ferguson 

Block.  Pittsburg,  Pa. 
Ayres,  Brown*  '7^  "^'""fessor  of  Physics,  Tulane  University  of  Louisiana, 

New  Orleans,  La. 

AxFORi),  William  H.,   93   -W.  H.  Axford  &   Son,  Heavy  Building  Con- 
tractors and  Engineers,  310  Eighth  Street,  Jersey  City,  X.  J. 

Baldwin,   Oscar,   '85 — Westinghouse    Electric  and    Manufacturing    Co., 
I^ittsburg,  Pa. 

Bang,  Henry  A.,  '88  -Benham  &  Bang,  Consulting  Mechanical  Engineers, 
1 186  Broadway.  New  York  City. 

Barnes,  William  ().,  '84-  (jregor>*  Silk  Manufacturing  Co.,  Scranton,  Pa. 

Bates,  James  H.,  '87    -Consulting,  Contracting,  Mechanical,  and  Electrical 
Engineer,  126  Liberty  Street,  New  York  City. 

Bayles,  Robert  N.,  '87  -81  Fulton  Street,  New  York  City. 

Bayless.  C.  T.,  '<)3     With  D.  L.  Barnes,  Consulting  Engineer.  768  Rtwkery 
Building,  Chicago,  111. 

Beard,  M.  C.  '87-   Half  owner  Ontario  Iron  Works,  Canandaigua,  N.  Y. 

Beers,  William  J.,  '8c>    Draughtsman,  W.  D.  Forbes  &•  Co.,  Engineers, 
Thirteenth  and  Hudson  Streets,  Hoboken,  N.  J. 

Benns,  Charles  P..  '8g  -Instructor,  Providence  Manual  Training  School, 
Providence,  R.  L 

Bensel,  John  A.,  '84     Assistant   Engineer,  Department  of  Docks,  Pier  A, 
North  River,  New  York  Citv. 

Beyer,  Richard,  '88      Assistant  Engineer,  with  T.  H.  McCann,  Civil  En- 
gineer, Hoboken,  N.  j^ 

BiRCHARD,  Pliny   T.,  '78     Finn  of  P.  T.  Birchard   t\:   Co.,  Railroad    Coii- 
tnictors,  Marshalltowii,  Iowa. 

Blaivklt,  Cornelus  I).,  '86-  Calunie  Gas  Co.,  So.  Chicago,  111. 

BoLLKR,  A.   P.,  Jr.,  '91      Testing    Department.   H.   R.   Worthington    Hy- 
draulic. Works,  Brooklyn,  N.  Y. 

Bond.  (iKOK(;K  M.. '8o  -Manager,  Gauge   Department,   Pratt   &   Whitnev 
Co.,  Hartford,  Conn. 

Bonn.  Hii.lric  J.,  '78     Weehawken.  N.  |. 

Bonnktt.  Lniis  li.,  '8«)  -  Assistant  to  Secretary.  American  Society  of  Civil 
l^ni^ineiMs,  127  I'.ast   Twenty-third  Street,  New  York  City. 

BooDV.  Alvin,  '(;3     2c/)  BiTkley  Place,  Brooklyn,  N.  Y. 

Bovi-.K,  SiiiKK,  '90     Humj)hrcys  \'  (ilasgow.  Contracting  and  Consulting 
(ias  iMiLcineers,  64  Broadway.  New  York  City. 

Bkainahd,  Am  kn  W..'8.;-   Manufacturers' Agent,  41  Dey  Street,  New  York. 

Bkaink,  Hanckoft  C.  '(;3-   With    Thos.  K.   Brown,  Consulting  Engineer, 
Otis  I'Jt'vator  Co..  114  Nassau  Strfi-t,  New  ^'ork  City. 

♦  Ri'ccivfd  Dctfree  uf   Doctitr  of  Philosophy. 
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Brkwer,  Samuel  B.,  '76,  Draughtsman,  30  North  Pearl  Street,  Albany, 
N.  Y. 

Brinckerhoff,  Henry  M.,  '90 — Electrical  Enjifineer,  the  Metropolitan 
West  Side  Elevateii  R.  R.  Co.,  13 13  Monadnock  Block,  Chicago,  III. 

Bristol,  B.  B.,  '93 — Secretary,  The  Bristol  Co.,  Waterbury.  Conn. 

Bristol,  William  H.,  '84— Assistant  Professor  of  Mathematics,  Stevens 
Institute  of  Technology.  President  <if  the  Bristol  Co.,  Waterbur>', 
Conn. 

Broadmeadow,  William  J., '85  -With  W.  P.  Stevenson.  115  Broadway, 
New  York  City,  and  Superintendent,  Sea  Shore  Electric  Railway  Co., 
Asbury  Park,  N.  J. 

Brookfield,  a.  B.,  93     With  Baker  it  Co.,  Newark,  N.  J. 

Brooks,  Morgan,  '83  -Secretary  and  Treasurer,  Electric  Engineering  and 
Supply  Co.,  413  Jackson  Street,  St.  Paul,  Minn. 

Brown,  Wilbi'R  V.,*  *8o  -Assistant  Professor  of  Mathematics  and  Assistant 
Director  of  Observatory,  De  Pauw  University,  Greencastle,  Ind. 

BRircK,  Henry  T.,  '78-  Master  of  Machinery,  Cumberland  and  Pennsyl- 
vania Railroad,  Mt.  Savage,  Md. 

Bruen,  Albert  E.,  93- -256  Cumberland  Street,  Brooklyn,  N.  Y. 

Bi-FFETT,  E.  P.,  Jr.,  94  -With  Atnetkan  Manufacturer  and  Iron  Worker, 
Pittsburg,  Pa. 

BuRCHARD,  Anson  W.,  '85  Superintendent  of  Construction,  J.  M.  Ives 
Company,  Danbury,  Conn. 

BiTRHORN,  Edwin,  '85-  Warren  &  Burhorn,  Agents,  Stearns  .Manufactur- 
ing Co.,  136  Liberty  Street,  New  York  City. 

BiRKK.  E.  J..  94     Alexandria,  Va. 

HrsH,  PRESCOTT,  '84  Superintendent  of  .Motive  Power,  Pennsylvania  Lines 
west  of  Pittsburg,  Columbus,  O. 

Hitler,  Pierce,  '82  Mechanical  Engineer,  Norton  Building,  Louisville, 
Kv. 

Bl'vinoer,  Willia.m  S.,  'c)I  -Chief  Draughtsman,  Thos.  Carlin's  Engine 
Works,  Pittsburg,  Pa. 

Calisch,  Ji'Lius,  '87 -Railway  Department,  Pennsylvania  (icneral  Electric 
Co.,  Pittsburg  Branch,  425  WikkI  Street,  Pittsburg,  Pa. 

C'amkron,  Barton  H.,  94     Norfolk  &  Western  R.  R.  Shops,  Radford.  Va. 

^Ami'RELL,  CioRDON,  '88-  Purchasing  Agent,  Consolidated  Traction  Co., 
Jersey  City.  N.  J. 

Campbell,  Nor.man  St.  C,  *88  Firm  of  W.  D.  Forbes  cS:  Co.,  1300  llud- 
•son  Street,  Hoboken,  N.  J. 

^arll.  Benjamin  W., '91  -James  lieggs  i5t  Co.,  (>  Dey  Street.  New  York 
Citv. 


♦  Received  Degree  of  Doctor  of  Philosophy. 
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Carlton,  William  N.,  *qo  -Mechanical  Enfsjineer,  109  White   Building, 

Buffalo,  X.  Y. 
Carroll,  Lafayette  1).,  '84— Mechanical  and  Electrical  Engineer,  10 

Union  Street,  New  Orleans,  La. 

Chandler,  R.  E.,  '93- Professor  of  Mechanical  Engineering,  Agricultural 
College,  Bozeman,  Mont. 

Chester,  William  S.,  *86- -Electrician,  C.  &  C.  Electric  Motor  Co.,  143 
Liberty  Street,  New  York  City. 

Clerk,  William  T.,  '85  -Architect,  Hopkin's  Block,  ioo3>4  State  Street, 
Santa  Barbara,  Cal. 

Coffey,  Barton  H.,  '85  -Mechanical  Engineer,  The  International  Con- 
tracting Co.,  Post  Building,  12-18  Exchange  Place,  New  York  City. 

Cohen,  W  W.  '92-  Pennsylvania  Steel  Co.,  Steelton,  Pa. 

Coleman,  H.  1).,  Jr.,  '94— With  H.  Dudley  Coleman  &  Co.,  Manfacturers 
of  Plantation  Machinery,  New  Orleans,  La. 

CoLLES,  Geo.  W.,  Jr.,  '94  -  Pennsylvania  R.  R.  Shops,  Hoboken,  N.  J. 

Collins,  Charles  Russell,  '86  -Inspector  of  Manufacturing,  LTnited  Gas 
Improvement  Co.,  Philadelphia,  Pa. 

Connet,  F.  N.,  *90-  Chief  Draughtsman,  Builders'  Iron  Foundry,  Provi- 
dence, R.  I. 

Cook,  Edwin  J.,  '86 — Constructing  Engineer,  Cleveland  General  Electric 
Co.,  Cleveland,  O. 

Cook,  H.  B.,  '93    B.  W  Sturtevant  Co.,  135  N.  3d  Street,  Philadelphia,  Pa. 

Cooke,  Frederick  W.,  '82  Vice-President,  Cooke  Locomotive  and  Ma- 
chine Co.,  Paterson,  N.  J. 

Cooke,  John  S.,  '79  President  and  General  Manager,  Cooke  Locomotive 
and  Machine  Co.,  Paterson,  N.  J. 

CoRBETT,  L.  B.,  *g2  Secretary,  South  Branch  Manufacturing  Co.,  Manu- 
facturers of  Chemicals  from  Woo<i,  Galeton,  Potter  Co.,  Pa. 

CORBIN,  D.,  '94     206  McDonough  Street,  Bnxjklyn,  N.  Y. 

CoRWiN,  William  S.,  '85     253  Mt.  Pleasant  Avenue,  Newark,  N.  J. 

CosTKR,  Maurice  1.,  ''j'j    Westinghouse  Electric  and  Manufacturing  Co., 

Pittsburg,  Pa. 
Cottier,  Joseph,  '94     Ea.st  River  Gas  Co.,  Ravensw<H>d,  N.  Y. 

Cox,  James  M.,  '94  Assistant  Superintendent  of  Terminal  Station,  Phila- 
delphia and  Reading  Railroad. 

Cox,  John  Lyman, '87--Assistaiit  Forgemaster,  Midvale  Steele  Co.,  Nice- 
town,  Pa. 

COYNK,  F.  H.,  '<)4     10  Arlington  Avenue,  Fast  Orange,  N.  J. 

Cremer,  James  M.,  '76  -Consulting  Engineer,  170  Gates  Avenue,  Brook- 
lyn, N.  Y. 

Crisfield,  James  A.  P.,  '87  Superintendent  (for  United  Cias  Improve- 
ment Co.)  Savannah  Gaslight  Co.,  Savannah,  Ga. 
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ONiSE,  Ernest  S.,  '81— Mechanical  Engineer,  17  Broad  Street,  New  York 
City. 
UNTZ,  Hermann  F.,'93 — Chemist,  Pope  Manufacturing  Co.,  Hartford,  Conn. 

UNTZ,  J.  H.,  *87 — 325  Hudson  Street,  Hoboken,  N.  J. 

JNTZ,  William  C,  '92 — Pennsylvania  Steel  Co.,  Steelton,  Pa. 

JDale,  O.  G.,  *93 — Draughtsman,   National   Sugar   Refining   Co.,   Yonkers, 

N.  Y. 
JDanziger,  Jacob,  '89 — Testing  Department,  Bethlehem  Iron  Co.,  Bethlehem, 

Pa. 
ARBY,  John,  '91 — Wolcott  &  Darby,  Mechanical   Engineers,  278 >^    Main 

Street,  Hartford,  Conn. 

ashiell,  William  W.,  '79— W.  W.  Dashiell  &  Co.,  Motive  Power  and 
Machinery  Supplies,  64  Cortlandt  Street,  New  York  City. 

avis,  Jesse  A.,  '91 — Office  of  Engineer  of  Tests,  Mt.  Clare  Shops,  Balti- 
more and  Ohio  Railroad,  Baltimore,  Md. 

ear,  William  Y  .,93 — Salesman,  Jersey  City  Printing  Co.,  37  Montgomery 
Street,  Jersey  City,  N.  J. 

E  Bonneville,  Arthur  A.,  JR./78 — Salesman,  The  Geo.  F.  Blake  Man- 
facturing  Co.,  Manufacturers  of  Steam  Pumps,  95  Liberty  Street,  New 
York  City. 

E  Gress,  F.  B.,  '91 — Crocker- Wheeler  Motor  Company,  430  West  Four- 
teenth Street,  New  York  City. 

E   iA  Rosa,  Francisco  U.,  •91— Oaxaca,  Mexico. 

K      Hart,  John  S.,  Jr.,   '90 — Draughtsman,   Isbell-Porter  Co.,   Newark, 
N.J. 

^  1I4AREST,  Thomas,  W.,  '88— Pan  Handle  Railroad  Shops,  Columbus,  O. 

-  >IT,  Edward  L.,  '84 — Owner  and  General    Manager,    The  Washington 
Architectural  Iron  and  Bridge  Works,  Washington,  D.  C. 

*^>*TON,  James  E.,  '75 — Professor  of  Experimental  Mechanics,  Stevens  In- 
stitute of  Technology,  Hoboken,  N.  J. 

^^^»<iNSON,  G.  K.,  M.  D.,  Assoc,  '75 — 63  Wayne  Street,  Jersey  City,  N.  J. 

^  *-  vroRTH,  William  S.,  '85 — Gordon  &    Dilworth,  563  Greenwich  Street, 
2<ew  York  City. 

^^**»CEL,  George,  Jr.,  '88 — Chief  Engineer,  F.  O.  Matthiesen  &  Wiechers 

Sugar  Refining  Co.,  Jersey  City,  N.  j. 
^^^»  Walter  S.,  '87 — Draughtsman,  Metropolitan  Traction  Co.,  New  York 

^^<"JN,  J.  Alfred,  91 — Engineer,   Pintsch   Compressing   Co.,  160   Broad- 
Avay,  New  York  City. 

*^^CDN,  Robert, '81 — Manager,  Pintsch   Compressing   Co.,  160    Broadway, 
^'ew  York  City. 

^*'^'Y,  Paul,  *88 — Assistant  Superintendent  (for  United   Gas  Improvement 
CTo.),  Paterson  Gas  Light  Co.,  I'aterson,  N.  J. 
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Dougherty,  William  M.  ♦  *78 — Lawyer,  Jersey  City,  N.  J; 

Douglas,  Edwin  R.,  93 — Howe  Scale  Co.,  Rutland,  Vt. 

Dow,  Alexander,  '91 — Dow  Type  Composing  Co..  31    East  Seventeenth 

Street;  Mechanical  Engineer,  56  Pine  Street,  New  York  City. 
Dreyspring,  Ernest,  '85  -Williamson  Iron  Co.,  Birmingham,  Ala. 
Drummond,  Edwin   M.,  '88  -Drummond   Manufacturing  Co.,   Louisville, 

Ky. 

DucoMMUN,  Edward,  '88  Assistant  Engineer,  American  Sugar  Refining 
Co.,  Jersey  City,  N.  J. 

Eastw-ood,  James,  '89-  B.  Eastwood,  Silk  Machinery,  302  Straight  Street, 
Paterson,  N.  J. 

Ebsen,  Henry  L.,  '89 — Draughtsman,  Inman  and  International  Steamship 
Co.,  Jersey  City   N.  J. 

Ebsen,  William,  '90 — The  (ieorge  F.  Blake  Manufacturing  Co.,  95  Liberty 
Street,  New  York  City. 

Elliott,  Theodore  A.,  *8o — Consulting  Mechanical  Engineer,  Eagle  and 
Adams  Streets,  Buffalo,  N.  Y. 

Ellsworth,  Oliver,  '94  -  Draughtsman,  with  IngersoU  &  Sergeant  Drill 
Co.,  P^aston,  Pa. 

Elson,  Louis  E.,  '91  Elson  &  Brewster  Engineering  Co.,  143  Liberty 
Street,  New  York  City. 

E.MMET,  C.  Temple,  '91 — Edison  General  Electric  Co.,  44  Broad  Street,  New 

York  City. 
Estrada,  E.   Duque,   '83     Estrada   &•   Gray,   Inspecting   Engi;ieers,    307 

Lewis  Block,  Pittsburg,  Pa. 

Evekktt,  Charles  J.,  Jr.,  '90  Manager,  Lowville  Iron  Works  Co.,  anci  for 
J.  W.  Rentow,  Havemeyer  Building,  New  York  City. 

Faber  I)u  Faur,  Adolph,  Jr., '84  Consulting  Engineer  and  Solicitor  of 
Patents,  Vanderbilt  Building,  New  York  City. 

Fanning,  W.  S.  '93     With  Norton  Bros.,  May  wood,  111. 

Fakrar,  William  M.,  '90  Mechanical  Engineer,  John  J.  Kadley  &  Co.. 
Architectural  and  Structural  Iron,  214-220  East  Thirty-seventh  Street 
New  YorkCity. 

Fearn,  Rich  ah  d  L.,  '84  The  I'nited  Press.  Washington,  D.  C. 

Fkllukimkk,  W.  J., '89  Mechanical  Engineer,  513    Broadway,  New  York. 

Fernandez,  Lucas,  92  Assistant  Engineer  of  Public  Works,  San  Jose, 
Costa  Rica. 

Ferris,  Harry  C,  '88  Superintendent  and  Engineer,  Maintenance  of 
Way,  Toledo,  Columbus,  and  Cincinnati  Railroad,  Kenton,  O. 

Fkzandie,  J.  Hect(H<, '75- Instructor  in  Physics,  Astronomy,  and  Mathe- 
matics, Cutler's  School,  20  West  Forty-third  Street,  New  York  City. 

♦  Received  Degree  of  Bachelor  of  Science. 
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Field,  Cornelius  J., '86 — Consulting  and  Supervising  Engineer.  Havemeyer 
Building.  26  Cortlandt  Street,  New  York  City. 

Field,  W.  B.  O.,  '94 — Assistant  Engineer,  Chief  Engineer's  office,  N.  Y.  C. 
&  H.  R.  R.  R.  Co.,  New  York  City. 

Fielder,  Geo.  B.,  '94 — Mechanical  Engineer,  Sprague  Electrical  Elevator 
Co.,  New  York  City. 

Firestone,  J.  F.,  '87 — Peters  Dash  Co.  and  Columbus  Buggy  Co.,  Colum- 
bus, O. 

Flack,  J.  Day,  '87—252  West  Eighty-fifth  Street,  New  York  City. 

Foster,  Ernest  H., '84- -Mechanical    Engineer,  H.  R.  Worthington,  Hy- 
draulic Works,  Brooklyn,  N.  Y. 

Fraentzkl,  Frederick  C,  '83— Firm  of  Campbell  &  Co.,  Solicitors  of 
Patents  and  Mechanical  Engineers,  Newark,  N.  J. 

Frazar,  E.  W.,  'go — Assistant  Electrician,  European  Edison-Sims  Electric 
Torpedo  Co.,  Ltd.,  9  Fenchurch  Avenue,  London,  Eng. 

Freygang,  Henry,  '80— Assistant  Engineer  and  Agent,  Missouri  Valley 
Bridge  and  Iron  W^orks  of  Leavenworth,  Kan.;   Galveston,  Tex. 

Fridenberg,  H.  L.,  '94-  ^  East  Sixty-first  Street,  New  York  City. 

Fuller,  Arthur  A.,  '88— Superintendent,  Builders'  Iron  F'oundry,  Provi- 
dence, R.  I. 

Fur. MAN,  F.  D.,  '93-  -Assistant  in  Mechanical  Drawing,  Stevens  Institute  of 
Technology. 

Furman,  Job  R., '85— Acting  Chief  Engineer,  Otis  Bros.  &  Co.,  Elevators 
and  Hoisting  Machinery,  38  Park  Row,  New  York  City. 

Gallaher,  E.  B.,  '94  -Consulting  Engineer,  253  Broadway,  New  York  City. 

Gaxtt,  Henry  L.,  '84- -Consulting  Engineer,  316  Wahmt  Street,  Philadel- 
phia, Pa. 

Gardiner,  Frederick,  '92-  New  York  Central  Railroad  Shops,  West  Al- 
bany, N.  Y. 

Gately,  Charles  L.,  '84-  -Superintendent,  Heating  Department,  and  Secre- 
tary, Safety  Car  Heating  and  Lighting  Co.,  160  Broadway,  New  York 
City. 

Cause,  Frederick  T.,  '91-  Mechanical  Engineer,  Thompson-Bedford  De- 
partment, Standard  Oil  Co.  of  New  York,  128  Pearl  Street,  New  York 
City. 

Geyer,  William  E.,*  'yy  -  Professor  of  Applied  Electricity,  Stevens  Insti- 
tute of  Technology. 

GiBBs,  Alfred  W.,  '78  -Assistant  Mechanical  Engineer,  Pennsylvania  Rail- 
road, Altoona,  Pa. 

GiBBS,  George,  '82  —Mechanical  Engineer.  Chicago,  Milwaukee  and  St. 
Paul  Railway,  Milwaukee,  Wis. 


♦  Received  Degree  of  Doctor  of  Philosophy, 
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GiBBS,  W.  E.,  '82   -MI  Liberty  Street,  New  York  City. 

Gibson,  Wm.,  '94    Snow  Steam  Pump  Co.,  Buffalo,  N.  Y. 

GiLDERSLEEVE,  David  H.,  Jr.,  '89-  Mechanical  Engineer, The  Yaryan  Co., 
Times  Builciing,  New  York  City. 

GiLMORE,  J.  W.,  '94     104  West  Seventy-sixth  Street,  New  York  City. 

Glasgow,  Arthur  G.,  '85-  -Humphreys  &  Glasgow,  Gas  Engineers,  West- 
minster Chambers,  9  Victoria  Street,  London,  England. 

Goldsmith,  J.,  '93 — Hess,  Goldsmith  it  Co.,  Silk    Manufacturers,  Paterson, 
N.  J. 

Gnade,  Edward,  '94  -Rutherford,  N.  J. 

Graf,  Carl,  '90    Superintendent,  Gas   Department,   Lawrence  Gas  Co., 
Lawrence,  Mass. 

Graupner,   p.  C.  a.,  '89— Draughtsman,  with  A.   R.  WolflF,  ConsuUing 
Mechanical  Engineer,  Fulton  Building,  New  York  City. 

Graydon,  S.  D.,  Assoc.,  '75 — Assistant  Professor  Mechanical  Drawing,  Ste- 
vens Institute  of  Technology. 

Griswold,  Harold  E.,  93 — Inspector,  Middle  States  Inspection  Bureau, 
S8  William  Street,  New  York  City. 

Griswold,  Howard  C,  '88  -Assistant  Engineer,  Louisville  and  Nashville 
Railroad,  East  Louisville,  Ky. 

GsANTNER,  Otto  C,  '78    Assistant  Examiner,  United  States  Patent  Office, 
W^ashington,  D.  C. 

Gubelman,  Frederick,  '89  -Assistant  Supervising  Engineer,  New  Water 
Works,  34  Ohio  Street,  Allegheny,  Pa. 

GuRNEY,  Howard  F.,  '92    Sprague  Electric  Elevator  Co.,  Cortlandt  Street, 
New  York  City. 

Hake,  August  R.,  '92     132  Essex  Street,  New  York  City. 
Hall,  A.  H.,  '90  -5  East  125th  Street,  New  York  City. 

Hall,  Burton  P.,  '88     Hall  Steam  Power  Co.,  21  Centre  Street,  New  York 

City. 
Hall,  Charles  Andrews,  '87 — General  Manager,  Mobile  Phosphate  and 

Chemical  Manufacturing  Co.,  Mobile,  Ala. 

Hamilton,  William  J., '89-  Mechanical  Engineer,  Hendrick  Manufactur- 
ing Co.,  Ltd.,  Carbondale,  Pa. 

Hamilton,  R.  P.,  94     Firm  of  Bland  Bros.  &:   Wright,  Tobacco  Manufac- 
turers, Petersbufi^,  \'a. 

Hann,  R.  a.,  '<)I     Assistant    Mathematician,  Equitable  Life  Assurance  So- 
ciety, 120  Broadway,  New  York  City. 

Hansen,  Johann  M.,  Jr.,  91   -Constructing  Engineer, United  Gas  Improve- 
ment Co.,  Drexel  Building,  Philadeli)hia,  Pa. 


Roceive(i  Degree  of  Doctor  of  Philosophy 
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Harrison,  Harold,  '92— Representing  Philadelphia  Engineering  Works, 
140  Reade  Street,  New  York  City. 

Hart,  B.  F.,  Jr.,  *87— 940  Bloomfield  Street,  Hoboken,  N.  J. 

Hartpence,  C.  C,  *94 — East  River  Gas  Co.,  Long  Island  City,  N.  Y. 

Harvey,  D.  C,  '90 — Draughtsman,  Third  Avenue  Cable  Road,  New  York. 

Haworth,  J.  F.,  *90 — Haworth  &  Dewhurst,  701  Liberty  Street,  Pittsburg,  Pa. 

Haynes,  William  L.,  '86  -Engineer,  Crane  Department,  Wm.  Sellers  & 
Co.,  Incorporated,  1600  Hamilton  Street,  Philadelphia,  Pa. 

Hazard,  Harry  W.,  '78—  Vice-President,  Dunbar  Furnace  Co.;  President, 
Crane  Iron  Co.,  and  President,  Radford-Crane  Iron  Co.,  Philadelphia,  Pa. 

Heiskell,  John  M.,  '86 — Office  of  Resident  Engineer,  Kansas  City  and 
Memphis  Railway,   Memjihis,  Tenn. 

Henderson,  Arthur  P.,  '83-  Construction  and  Repair  Department,  Nor- 
folk Navy  Yard,  Norfolk,  \'a. 

Henderson,  J.  Augustus,  '73-    Lemont,  Pa. 

Henning,  Gustavus  C,  '76    Consulting  Engineer,  834  Temple  Court,  New 
York  City. 

Herring,  A.  M.,  Assoc,  '88   -Valentine  Ave.,  near  184th  Street,  New  York. 

Hewitt,  William,  '74-  Vice-President,  Trenton  Iron  Co.,  Trenton,  N.  J. 

Hickok,  H.  Addison,  '83     Mechanical  Engineer.  Newark,  N.  J. 

Hill,  Nicholas  S.,  Jr.,  92  -Consulting  Mechanical  Engineer,  203  East 
Gennan.  Street,  Baltimore,  Mtl. 

Hill,  Wallace  M.,  *8q  Laboratory  of  Western  Electrical  Instrument  Co., 
Newark,  N.  J. 

HiLLER,  NicoLAi,  '89-  Mechanical  KiiKinecr.  Hendrick  Manufacturing 
Co.,  Ltd.,  Carbondale,  Pa. 

HiNKLE.  E.  E.,  'go  Engineer,  I'nion  Iron  Works,  136  Liberty  .Street,  New 
York  Citv. 

Hodges.  Charles  H.,  91  Draughtsman,  with  E.  I).  Leavitt,  C.  K.,  Cani- 
bridgeport,  Mass. 

HoFF.MAN,  Samuel  V.,  '88  Student,  Johns  Hopkins  I'liiversity,  Baltimore, 
Md. 

HoLBERTON,  George  C,  *c)I     Edisou  Machine  Works,  Schenectady,  N.  V. 

Hotopp,  Carl  H.,  92  -  Superintendent  Tanite  Co.,  Stroudshurg.  Pa. 

Howell,  J.  W.,*  Assoc,  '81     Edison  Lamp  Co.,  Harrison.  X.  J. 

HoxiE,  William  D.,  *8o-  Habcock  iS:  Wilcox  Co.,  30  Cortlandt  Street.  New 
York  City. 

Hi'MPHREYS.  Alexander  C.  *8i  Humphreys  c\  (ilasgow,  Contracting  and 
Constructing  Gas  Engineers.  Manhattan  Life  Building,  64  Broadway, 
New  York. 


•  Received  Degree  of  Bachelor  of  Arts. 


no  Alumni  Association, 

Hunter,  Wilfrid  K.,  93 --Engineering    Department,    Stanley    Electric 
Manufacturing  Co.,  Pittsfield,  Mass. 

HuPFEL,  Adolph,  '93— J.  C.  Hupfel  Brewing  Co.,  148  East  Thirty-seventh 
Street,  New  York  City. 

HUPPERTZ,  E.  A.,  93- -American  Telephone  and  Telegraph  Co.,  26  Seventh 
Ave.,  Pittsburg,  Pa. 

Hyslop,  Y.  K.,  Assoc,  *8i-  New  York  Steam  Co.,  2  Cortlandt  Street,  New 
York  City. 

Idell,  Frank   E.,  'jy-  }A^Q\i2j\\C2\   Engineer,  615    Havemeyer  Building, 
Cortlandt  and  Church  Streets,  New  York  City. 

Inglis,  B.  A.,  93     Florida  Manufacturing  Co.,  Madison,  Fla. 

Irwin,  Franklin  K., '83  -Draughtsman,  Wisconsin  Central  Railroad,  Wau- 
kesha, Wis. 

Jackson,  Francis  E.,  '86   -Aylesworth  &  Jackson,  Manufacturers  of  Incan- 
descent Lamp  Filaments,  128  Essex  Avenue,  Orange,  N.  J. 

Jackson,  Hp:nry  W.,  '92    Consolidated  Traction  Co.,  Jersey  City,  N.  J. 

Jackson,  W.  W.,  '8c)  -Draughtsman,  Builders'  Iron  Foundry,  Providence,  R.  I. 

Jacobs,  William  E.,  '7g — Firm  of  Jones  &  Jacobs,  Contractors  for  Mining 
Machinery,  Salt  Lake  City,  Utah. 

Jacobus,  David  S.,  '84    -Assistant  Professor  of  Experimental    Mechanics 
and  Shop-work,  Stevens  Institute  of  Technology. 

Jenkins,  M.  C,  '87  -91  Avenue  C,  Bayonne,  X.  J. 

Jones,  Edward  L.,  \)1     Draughtsman,   Crowell   Clutch  and    Pulley  Co., 
Westfield,  N.  V. 

Jones,  Frank  C,  '78     President,  Manhattan  Rubber  Manufacturing  Co., 64 
Cortlandt  Street,  New  York  City. 

Jones,  IIakkv  P.,  \yo     Frog,  Switch,  and  Si^xnal  Department,  Pennsylvania 
Steel  Co.,  Steelton,  Pa. 

Jonks,  W.m.  a.,  '94     Draughtsman,  Benient  tV  .Miles,  Philadelphia,  Pa. 

JoiBKKT,  Frkdkkick  L.,  V)I     C'oiisulting  aiul  Contracting  Engineer,  i5God- 
chaux  Buildini^,  New  Orleans,  La. 

Kr:LL()G(J,  M.  \V.,  '()4     Kli/abeth,  N.  J. 

Kkllv,  John    F.,*  '78     Chief  Electrician,   Stanley   Electric   Lighting  Co., 
Pittsfield,  Mass. 

Khnnkdv,  Anthony,  \)\    Mechanical  Engineer,  The  Hollar  Safe  and  Lock 
Inspection  (iuaranty  Co.,  Drexel  Building,  I*hiladelphia,  Pa. 

Kkn  r,  WiLLi.\.M,  '76     Consulting  En>;ineer,  Passaic,  X.  J. 

Ki:ny()N,  C.  C,  \)\     with  Kenyon  Bros.,  Manufacturersof  Woolen  Machinery, 
Raritan,  X.  J. 

Kkkk,  Chart. ks  \'.,  '^"^     Professor  of    luigineering,   Arkansas   Industrial 
I'niversitv,  Favetteville,  .\rk. 


*  Received  Decree  of  Bachelor  ol  .Science. 
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KiERNAN,  Eugene  H.,  *87— Principal,  Hoboken  Public  School,23o  Hudson 
Street,  Hoboken,  X.  J. 

King,  Harry  D.,  '92 — King  Engineering  Co.,  136  Liberty  Street,  New  York 
City. 

King,  William  R.,  *86 — Mining  and  Mechanical   Engineer,  126  Liberty 
Street,  New  York  City. 

Kingsland,  Joseph,  '76— Franklin  Paper  Mills,  Nutley,  N.  J. 

KissAM,  W.W.,  '90 — Westinghouse  Electric  &  Manufacturing  Co.,  Pittsburg, 
Pa. 

Kletzsch,  Alvin  p.,  '84— Milwaukee,  Wis. 

Klumpp,  J.  B.,  '94 — Cadet  Engineer,  United  Gas  Improvement  Co.,  Drexel 
Building,  Philadelphia,  Pa. 

Knapp,  L  N.,  Assoc., '75-  Omaha  Gas  Co.,  217  So.  13th  I;^treet,  Omaha,  Neb. 

Knox,  S.  L.  G.,  '91 — Instructor  in  Mechanical  Engineering,  Lehigh  Uni- 
versity, Bethlehem,  Pa. 

Kollstede,  a.  G.,  *94— 61  W.  84th  Street,  New  York  City. 

Kopp,  Henrv,  JR.,'93-   1027  Bloomfield  Street,  Hoboken,  N.  J. 

KuRSHEEDT,  RoLAND  S.,  '8o--Kursheedt   Manufacturing  Co.,  190  South 
Fifth  Avenue,  New  York  City. 

Ladd,  Ja.mes  B.,  '81 — Mechanical  Engineer,  Robert  Poole  &  Son  Co.,  Balti- 
more, Md. 

Law,  Frank  E.,  92-  The  Fidelity  and  Casualty  Co.,  140  Broadway,  New 
York  City. 

Lawrence,  W.  F.,  '90-  -Derby  Gas  Co.,  Derby,  Conn. 

Lawton,  H.  D.,  '94-  -With  Uehling  \'  Steinbart,  Manufacturers  of  Pneu- 
matic Pyrometers,  Hoboken,  N.J. 

Leavitt,   F.   M.,  Assoc,  '75    A'ice-President,  E.  W.   Bliss  Co.,   17  Adams 
Street,  Brooklyn,  N.  Y. 

Leoxhard,  Theo.  S.,  93— With  W.  &  A.  Fletcher  Co.,  Hoboken,  N.  J. 
Lewis,  F.  D.,  93-  Department  of  Tests,  Stevens  Institute  of  Technology. 
LiEB,  John  W.,  Jr.,  '80  -Assistant  General  Manager,  Edison  Electric  Illum- 
inating Co.,  General  Offices  53  Duane  Street,  New  York  City. 

Lienau,  J.  Henry,  '91  -  Draughtsman,  The  American  Sugar  Retiiiing  Co., 
Jersey  City,  N.  J. 

LiLLv,  M.ARTIN  G.,  '86     Mechanical  Engineer,  with  V(m  Mengemighausen 
Co.,  York,  Pa. 

Litchfield,  E.  D.,  '92  -The  Atlantic  Refining  Co.,  Chestnut  and  Fourth 
Streets,  Philadelphia,  Pa. 

LoxGSTREET,  J,  HoL.MES,  '79  -Proprietor,  Riverview  Iron  Works,  Borden- 
town,  N.  J. 

Lopez,  David  H.,  '88— Assistant  Superintendent,  Coosaw  Mining  Co.,  Sea 
Island  Chemical  Co.,  and  Oak  Point  Mines  Co.,  Coosaw,  S.  C. 
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Lord,  A.  B.,  93-  Chemist  and  Manager,  Solder  and  Babbit  Metal  Depart- 
ment, Atlantic  White  Lead  Works,  Brooklyn,  N.  Y. 

Lord,  Edmund  P.,  '82  -General  Manaj^er,  H.  K.  Porter  Co.,  Pittsburg,  Pa. 

LoRSCH,  Edwin,  91  -Hydraulic  Engineer,  Electrical  and  Mechanical  En- 
gineering and  Trading  Co.,  39  Cortlandt  Street,  New  York  City. 

LowENHERZ,  Herman,  92    Assistant  Engineer,  Engineering  Department, 
Metropolitan  Telephone  &  Telegraph  Co.,  New  York  City. 

LozANO,  Carlos  A.,  '87 — Engineer,  De  la  Vergne  Refrigerating  Machine 
Co.,  One  Hundred  and  Thirty-eighth  Street,  East  River,  New  York  City. 

LoziER,  A.  M.,  '94 — With  Warren  &   Lozier,  465  (ireenwich  Street,  New 
York  City. 

Ludlow,  William  O.,  92   -Carrere  &  Hastings,  Architects,  Mail  and  Ex- 
press Building,  New  York  City. 

LuKENS,  Lewis  N.,  '85 — Agent,  ConshohcKken   Tube  Co.,  Manufacturers 
Wrought  Iron  Pipe,  22  Gold  Street,  New  York  City. 

Lyall,  William  L.,*  84— Superintendent,  J.  &  W.  Lyall  Machine  Works, 

540  West  Twenty-Third  Street,  New  York  City. 

MacCord,  C.  W^,  Jr.,  '94 — Consulting  Flngineer,  6  Tenth  Street,  Hoboken, 
N.J. 

Macdonald,  J.  v.,  93 — Assistant  Engineer,  Safety  Car  Heating  and  Light- 
ing Co.,  160  Broadway,  New  York  City. 

Mackenzie  W.  P.    93-  -New  York  Steam  Co.,  2  Cortlandt    Street,    New 
York  City. 

Macholi),  Charles  K.,  '85     Dnuightsniaii,  Link  Belt  Engineering  Co.,  49 
Dey  Street,  New  York  City. 

Mackiewicz,  X'ictor,  '84  -Mechanical  Engineer,  Atlantic   Retining  Co., 
Philadelphia,  Pa. 

Magkkder,  William  T.,  '81     Adjunct  Professor  of  Mechanical  Engineer- 
ing, \'anderbilt  I'niversity,  Nashville,  Tenn. 

Manning,  George  L., '()I     Assistant  i^rofessor  of  Pliysics  and  Chemistry, 
Stevens  Institute  of  Technology. 

Martin,  K.  L.,  '92—  I'nginocr  Corps,   Hast   River   Bridge  Co.,   New  York 

City. 
Martinez,  Simeon,  '85     P.  Mungia  i  llijos,  City  of  Mexico,  Mexico. 

Mathkv,  I'.  I).,'()4     Testing  Department,  ( icncral  Electric  Co.,  Lynn,  Mass. 

Mai  KV,  Dahnf.v  H..  \S4     Superintendent.  Peoria  Water  Co..  Peoria.  111. 

Mayer,  Alfhed  (i..  '8(>  -Instructor  in  /oology  in  Museum  of  Comparative 
Anatomy  at  Harvard,  Cambridge,  Mass. 

McHiKNKV.  K.  I... '8t)     With  H.  I).  tV  J.  C.  .McHurney.  2(}\   Hroadway.  New 
N'ork  City. 

McCov.Ioseph   S.,   jr., '8^     I'nited  States  (io\ermneni  Actuarv,  Treasury 
Department,  \\  ashington,  I).  C. 
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McCuLLOCH,  John  A.,  *86 — Mid  vale  Steel  Co.,  Nicetown,  Philadelphia,  Pa. 

McCULLOUGH,  C.  H.,  Jr.,  '91 — South  Works,  Illinois  Steel  Co.,  South  Chi- 
cago, 111. 

McElroy,  Joseph  A.,  '87 — Chief  Engineer,  Thomas  Murray,  Engineer  and 
Contractor  for  Electrical  Railway  and  Power  Stations,  10  Wall  Street, 
New  York  City. 

McGahie,  F.  H.,  *92 — Maxim  Powder  Co.,  Lower  Squankum,  N.  J. 

McGowAN,  H.  E.,  *94— 691  Tenth  Street,  Brooklyn,  N.  Y. 

McLean,  Embury.  *88— McLean  Engineering  Co.,  Consulting  and  Con- 
tracting Engineers,  136  Liberty  Street,  New  York  City. 

McNaughton,  Malcolm,  83— Joseph  Dixon  Crucible  Co.,  Jersey  City,  N.J. 

Merkkl,  a.  E.,  *93 — Fairfield  Copper  Co.,  Monroe,  Conn.  *• 

Merrick,  Herbert,  '92 — Draughtsman,  New  York,  Ontario  and  Western 
Railway,  Middletown,  N.  Y. 

Merritt,  C.  H.  Jr.,  93 — Charles  H.  Merritt  &  Son,  Hat  Manufacturers, 
Danbury,  Conn. 

Merritt,  G.  W.,  '90 — Charles  H.  Merritt  &  Son,  Hat  Manufacturers,  Dan- 
bury,  Conn. 

Merritt,  James  S.,  *86 — Rutter  &  Merritt,  Manufacturers  Ornamental  Iron 
Works,  1024-1028  Ridge  Avenue,  Philadelphia,  Pa. 

Metcalfe,  George  R.,  *86-  -Metcalfe  &  Moeller,  Electrical  Machinery 
and  Incandescent  Lamp  Repairing,  343  Ninth  Ave.,  New  York  City. 

Meyer,  H.  C.  Jr.,  '92— Editorial  Staff  The  Engineerinti  Record,  277  Pearl 

Street,  New  York  City. 
Meystre,  Fred.,  Jr.,  '93— Henry  Meystre  &  Son,  Architects,  1027  Park 

Avenue,  Hoboken,  N.  J. 

Miller,  Alten  S.,  Engineer,  East   River  Gas  Co.,   Ravenswood,  Loi>g 

Island,  N.  Y. 
Miller,  George  H.,  '92 — Inspector,  Middle  States  Iiis|)ection  Bureau, 

44  Cedar  Street,  New  York  City. 

iMiLLER,  Samuel  W.,  '87- -P.  C.  C,  &  St.  L.  Railway.  C()lum])us,  Cia. 

Mitchell,  Harvey  F., '84  -  Assistant  Principal,  Deaf  Mute  Institute,  or 
904  Lexington  Avenue,  New  York  City. 

Moeller,  Franklin,  '87  -Mechanical  Engineer,  Wm.  A.  Harris  Steam 
Engine  Co.,  Providence,  R.  I. 

Moore,  A.  B.,  '90 — Draughtsman,  The  Samuel  L.  Moore  &  Sons'  Co..  En- 
gineers and  Shipbuilders,  Elizabeth,  N.J. 

Morris,  A.  Saunders, '84 -Mechanical  Engineer,  Westiii^house  Electric 
&  Manufacturing  Co.,  Pittsburg,  Pa. 

Morrison,  Henry  K., '86 — Superintendent  (for  United  Gas  Im[)r()vement 
Co.),  Concord  Gas-Light  Co.,  Concord,  N.  H. 

Morton,  Fred.  N.,  '86 — Superintendent,  Locki)()rt  Gas  &  Electric  Light 
Co.,  Lockport,  N.  Y. 
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MowTON,  Edward  P.,  '86— Booraem,  Hamilton,  Beckett  &  Ransom,  Coun- 
sellors-at-Law,  i6o  Broadway,  New  York  City. 

MoYNAN,  Frank,  '90— South  Works,  Illinois  Steel  Co.,  South  Chicago,  111. 

Murray,  J.  H.,  '92—29  South  West  Street,  Carlisle,  Pa. 

MuscHENHEiM,  F.  A.,  '91 -Westem  Electric  Co.,  Chicago,  111. 

Nash,  Lewis  H.,  '77- Mechanical  Expert,  National  Meter  Co.,  Brooklyn, 

N.  Y. 

Nathan,  Alfred,  '9a  -Blake  &  Knowles  Steam  Pump  Works.  95  Liberty 
Street,  New  York  City. 

Nettleton,  L.  H.,  '91— Gillis  &  Geoghegan,  Steam  Heating  Contractors,  33 
^  and  35  South  Fifth  Avenue,  New  York  City. 

NoRCROSS,  Joseph  A.,  91  —Engineering  Department,  Humphreys  &  Glas- 
gow, Gas  Engineers,  9  Victoria  Street,  London,  England. 

NoRRis,  RoLLiN,  '85— United  Gas  Improvement  Co.,  Philadelphia,  Pa. 

Oelbermann,  Julius,  91—115  North  Sixteenth  Street,  Philadelphia,  Pa. 

Oliphant,  Robert  C,  '89— Harvey  Steel  Co.,  Newark,  N.  J. 

Onderdonk,  John  R.,  Jr.,  '89 — Office  of  Engineer  of  Tests,  Baltimore  and 
Ohio  Railroad  Co.,  Mt.  Clare,  Baltimore,  Md. 

Oppermann,  F.,  94 — Assistant  Superintendent  of  Works  of  "  Societe  Ano- 
nyme  des  Glaces  de  Charleroi,"  Courcelles,  Belgium. 

Page,  Carter  H.,  Jr.,  '87 — Assistant  Inspector  of  Construction,  United  Gas 
Improvement  Co.,  Philadelphia,  Pa. 

Palen,  William  D.,  '89 — Draughtsman,  Link  Belt  Engineering  Co.,  Nice- 
town,  Pa. 

Parker,  Charles   F.,  '84     Kngineer  for  Charles  W.  Clinton,  32  Nassau 
Street,  New  York  City. 

Parker,   Franke    L.,  '93 — Assistant   Inspector,  Sanitary  Security  Co.,  i 
Union  Scjuare,  New  York  City. 

Parsons,  Hakry  I)e  B.,  '84  Mechanical  Engineer  and  Marine  Architect, 
22  William  Street,  New  York. 

Parsons,  WASHiNCiTox  K.,  '87     Mechanical    Engineer,  De  la  Vergne  Re- 
frigerating Machine  Co.,  New  York. 

Parsons,  W'lLLARi)  P.,  '80  -Hoosic  Falls,  N.  V. 

Patkkson,  A.  W.,  Jr.,  \)2     The  Ingersoll-Sergeant  Drill  Co.,  Easton,  Pa. 

Paulsen,  John,  93     Superintemlent,  Beaufort  Phosphate  Co.,  Beaufort,S.C. 

Peabodv,  Krnkst  H.,  \ro     Te.sting  Department,  Babcock   &  Wilcox  Co., 
29  Cortlaiult  Street,  New  York. 

Pkarc'E,  Choiteai'  K.,  't)i — J.  M.  Ives  Co.,  Danbury,  Conn. 

Perkins,  (iEoK(JE  S.,  91      Dow  Type  Composing  Co.,  31  E.  17th  St.,  N.  Y. 

Pfokdtk,  Otto  F.,  ''6(y     40  Sherman  Place,  Jersey  City  Heights,  N.  J. 

Phelps,  Walter   F.,  Vp    Superintendent,   Dayton   Fan  and   Motor  Co., 
Dayton,  O. 
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PiEAC£»  James  B.,  77— General  Manager,  Sharpsville  Furnace  Co.,  Sharps- 

ville.  Pa. 
Pierce,  William  H.,  •84— Baltimore  Copper  Smelting  and  Rolling  Co., 

Baltimore,  Md. 

PiERSON,  John  V.  L.,  *88 — Celluloid  Co.,  295  Ferry  Street,  Newark,  N.  J. 

PiERSON,  W.  D.,  '94 — Draughtsman,  Waterbury  Farrell  Foundry  &  Machine 
Co.,  Waterbury,  Conn. 

Plyer,  George  G.,  ^89 — Special  Agent,  Lancashire  Insurance  Co.,  New 
York. 

Post,  A.  J.,  Jr.,  92 — Draughtsman,  Post  &  McCord,  Engineers,  102  Broad- 
way, New  York. 

Post,  Arden,  '91 — Draughtsman,  Metropolitan  Traction  Co.,  New  York. 

Post,  Henry  W.,  *74 — Chief  Draughtsman,  Post  &  McCord,  Engineers,  102 
Broadway,  New  York. 

Post,  William   C,  *86— Draughtsman,   Post   &    McCord,  Engineers,  102 
Broadway,  New  York. 

Powell,  W.  B.,  '92 — The  King  Engineering  Co.,  136  Liberty  Street,  N.  Y. 

Prentiss,  Henry  S.,  '84 — Lessee  and  General  Manager,  Prentiss  Calendar 
and  Time  Co.,  48  and  50  Maiden  Lane,  New  York. 

PuLSFORD,  E.,  *94 — Draughtsman,  New  York  Central  &   Hudson  River  R. 
R.,  New  York  City. 

QuiMBY,  William  E.,  '87 — Assistant  Superintendent,  John  Patten  Manu- 
facturing Co.,  59  Liberty  Street,  New  York. 

Randolph,  L.  Strother,  '83— Professor  of  Engineering,  University  of 
Virginia,  Charlottesville,  Va. 

Randolph,  William  W.,  '86 — With  Humphreys  &  Glasgow,  Consulting  and 
Contracting  Gas  Engineers,  64  Broadway,  New  York. 

Rapelje,  John,  '77— Superintendent,  Gauley  Coal- Land  Association,  Alder- 
son,  W.  Va. 

Raquk,  Philip  E.,  y6 — V^ice-President  and  Engineer,  Atlas  Iron  Construc- 
tion Co.,  Room  152,  Times  Building,  New  York. 

Rea,  Henry  R.,  '84 — V'ice-President,  Robinson-Rea  Company,  Pittsburg,  Pa. 

Reed,  Harry  D.,  '92— Bishop  Gutta  Percha  Co.,  New  York. 

Reeve,  H.  E.,  *88 — 54  Columbia  Heights,  Brooklyn,  X.  V. 

Renwick,  Edward  B.,  '84     Pirsson  cS:  Renwick,  ig  Park  Place,  New  York. 

Renwick,  William  W.,  '85— Renwick,  Aspinwall  &  Russell,  Architects,  71 
Broadway,  New  York. 

RiEGE,  Rudolph,  '93 — Draughtsman,  Jackson  &  Woodin  Manufacturing 
Co.,  Berwick,  Pa. 

Rice,  Richard  H.,  '85 — Rice  &  Sargent  Engine  Co.,  Providence,  R.  I. 

Riesenberger,  Adam,  '76 — Assistant  Professor  of   Mechanical   Drawing,. 
Stevens  Institute  of  Technology. 
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RiGHTER,  Addison  Alexander,  '82— Secretary,  Corruganza  Manufactur- 
ing Co.,  Brewhouse  Yard,  172  St.  John  Street,  London,  England. 

RITTENHOUSE,  CHARLES  T.,  '93—247  West  One  Hundred  and  Thirty-eighth 
Street,  New  York. 

Roberts,  Edward  P.,  '77— President  of  the  Correspondence  School  of 
Technology,  Cleveland,  O. 

Roberts,  George  J.,  '84 — Inspector  of  Construction,  United  Gas  Improve- 
ment Co.,  Philadelphia,  Pa. 

Roberts,  William  H.  H.,  Jr., '93— Columbia  Type-Writer  Manufacturing 
Co.,  I  i6th  Street  &  Fifth  Ave.,  New  York  City. 

Rood,  Vernon  H.,  '82— Superintendent,  Jeanesville  Iron  Works,  Jeanes- 
ville.  Lucerne  Co.,  Pa. 

Rosenberg,  E.  M.,  '89 — Draughtsman,  The  Metropolitan  Traction  Co., 
New  York. 

RosENBUSCH,  G.,  '94— Sprague  Electric  Elevator  Co.,  Postal  Telegraph 
Building,  New  York. 

RupRECHT,  L.,  94 — Westinghouse  Electric  &  Manufacturing  Co.,  Pittsburg, 
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RusBV,  John  M.,  '85 — Superintendent  (for  United  Gas  Improvement  Co.), 
Jersey  City  Gas  Light  Co.,  Jersey  City,  N.  J. 

Sague,  Ja.mes  E.,  '83 — Mechanical  Engineer,  Schenectady  Locomotive 
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Sanborn,  Francis  N.,  91-  Mechanical  Engineer,  The  Susquehanna  Coal 
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Schlesinger,  Alfred  H.,  '87     Mechanical  Engineer,  India  Rubber  Comb 

Co.,  College  Point,  N.  Y. 
SCHOKNBOKN,  WiLLiAM  E.,  '87     Steam  Engineering  Division,  United  States 

Patent  Office,  Room  141),  Washington,  1).  C. 
Schumacfifcr,  H.  J., '91-  Mechanical   Engineer,  42  Exchange  Place,  New 

York. 
Scott,  Jamks  H.,  '89    Chaniberlin,  Delaney  &  Scott,  Richmond,  Va. 

ScHRAMME,  John  T.,  \)2  With  Schrannne  &  Fuller,  44  Broadway,  New 
York. 

Scribnkr,  Charlfs  W., '82  Instructor  in  Mechanical  Engineering, Uni- 
versity of  Pennsylvania,  Phila(lel})hia,  Pa. 

Searing,  Lewis, '88  Firm  of  Shepard  ^:  Searing,  Mechanical  and  Elec- 
trical Engineers,  842  F(iuitable  Huikiing,  Denver,  Col. 

Seeman,  EncJAR  G.,  93  -The  Lane  Mills,  New  Orleans,  La. 

Self,  Edward  I).,  K.  M.,  '86  Consulting  Mining  Engineer,  South  Orange, 
N.J. 

Sheldon,  William  IL,  '78  The  Columbia  Rubber  Works  Co.,  83  Cham- 
bers Street,  New  York. 
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New  York  City. 
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R.  R.,  Pittsburg,  Pa. 

Stillman,  Thomas  B.,*  '83— Professor  of  Analytical  Chemistry,  Stevens 
Institute  of  Technology. 

Strong,  William  E.  S.,  92—93  Valley  Road,  Montclair,  N.  J. 

•  Received  Degree  of  Doctor  of  Philosophy. 
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Stueck,  George  H.,  '88 — 8  Hancock  Avenue,  Jersey  City,  N.  J. 

Summers,  George  F.,  '91 — Assistant  Engineer,  United  Gas  Improvement 
Co.,  Drexel  Building,  Philadelphia,  Pa. 

Tatham,  Edwin,  *8i — Tatham  Brothers,  Lead  Manufacturers,  82  Beekman 
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S.C. 
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5  Beekman  Street,  New  York  City. 

Thu-man,  Frederick,  '90 — Engineering  Department,  Humphreys  &  Glas- 
gow, Gas  Engineers,  9  Victoria  Street,  London,  England. 

Todd,  George  L.,  '90 — Paul  Steam  System  Co.,  10  Federal  Street,  Boston, 
Mass. 

Torrance,  Henry,  Jr.,  '90— Mechanical  Engineer,  Hendrick  Manufactur- 
ing Co.,  Ltd.,  Carbondale,  Pa. 
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N.  Y. 

TwiTCHELL,  R.  S.,'90"  -Instructor,  The  Hill  School,  Pottstown,  Pa. 
Uehling,  Edward  A.,  '77— Mechanical  Engineer,  Birmingham,  Ala. 

Uhlenhaut,  Fritz,  Jr.,  '88  -Chief  Electrical  Engineer,  Philadelphia  Trac- 
tion Co.,  Philadelphia,  Pa. 
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Vail,  Eugene  L.,  '76— Artist,  Paris,  France. 

Tan  Atta,  Harry,  '81— Superintendent,  J.  L.  Mott  Iron  Works,  Mott  Ha- 
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Yan-der  Willigen,  T.  a., '88-  With  C.  L.  Strobel,  Consulting  Engineer, 
Home  Insurance  Building,  Chicago,  111. 

Tan  Vleck,  Frank,  '84 — Mechanical  Engineer,  Pacific  Railway  Co.,  Los 
Angeles,  Cal. 

Van  Vleck,  John,  '84— Edison  Electric  Illuminating  Co.,  Elm  Street,  New 
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Van  Winkle,  Franklin,  'yy    Consulting  Engineer  and  Mill  Architect,  126 
Liberty  Street,  New  York  City. 

Vidal,  Philip,  '92  -Draughtsman,  Camden  Iron  Works,  Camden,  N.  J. 

Villa,  Jose  Maria,  '78 -Professor  ol   Mathematics,  National  University, 
United  States  of  Colombia. 

VOGELIUS,  C.  F.,  '92 — 49  Fremont  Street,  Bloomfield,  N.  J. 

Wade,  W.Harvie,  '85--Engineering  Department.  Humphreys  &  Glasgow, 
Gas  Engineers,  9  Victoria  Street,  London,  England. 

Waefelaer,  F.  Louis,  Jr.,  '92— With  Carl   H.  Schultz,  440  First  Avenue, 
New  York  City. 

Wagner,  Herbert  A.,  '87 — Superintendent,  Missouri  Electric  Light  and 
Power  Co.,  St.  Louis,  Mo. 

Walker,  Louis  B.,  '91 — Globe,  Arizona. 

Wall,  George  L.,  '93 — Southern  R.  R.  Shops,  Knoxville,  Tenn. 

Wallis,  James  T.,  91 — Pennsylvania  Railroad  Shops,  West  Philadelphia, 
Pa. 

Wallis,  J.  Mather,  '76 — Superintendent  of  Motive  Power,  Pennsylvania 
Railroad,  Altoona,  Pa. 

Wallis,  Philip,  '79 — Master  Mechanic,  Chicago,  Burlington  and  Quincy 
Railroad,  Beardstown,  111. 

Warrington,  James  N.,  '83— Secretary,  X'ulcan  Iron  Works, 86  North  Clin- 
ton Street,  Chicago,  111. 

Webster,  Hosea,  '82— H.  R.  Worthington,  86  Liberty  Street,  New  York. 

Weeks,  Frank  J.,  '93 — 26  West  Twenty-second  Street,  New  York  City. 

W^ells,  Pierson  L.,  '92 — Assistant  Engineer,  Scharff  Manufacturing  Co., 
Times  Building,  New  York  City. 

Westcott,  J.  T.,  '90 — General   Manager  and    Treasurer,  The   Kconomical 
Gas  Apparatus  Construction  Co.,  261;  Front  Street   K.,  Toronto,  Canada. 

Wettlaufer,  Louis,  '92—1221  Garden  Street,  Hoboken,  N.  J. 

Wetzler,  Joseph,  '82 — Editor  of  the  Electrical  Euirinecr,  203   Ikoadway, 
New  York  City. 

Wheatlev,  Crawford,  '87—  General   Manager,  Americus  Refrigerating 
Co.,  Americus,  Ga. 
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Whigham,  William,  *88— Draughtsman,  Carnegie  Steel  Co..  Munhall,  Pa. 

Whitcomb,  H.  D.,  92— Inspector,  R.  W.  Hildreth  &  Co.,  50  Broadway,  New 
York  City. 

Whiting,  Charles  W.,  '84— Hendrick  Manufacturing  Co.,  Carbondale,  Pa. 

White,  Edward  F.,  '86— Consulting  Engineer,  175  Plumb  Street,  Cincin- 
nati, O. 

White,  Henry  C,  '81— Manager,  New  York  Office,  The  Phoenix  Iron 
Works  Co.,  15  Cortlandt  Street,  New  York  City. 

White,  Maunsel,  '79 — Engineer  of  Tests,  Bethlehem  Inm  Co.,  Bethlehem, 
Pa. 

White,  William  F.,  '86— Manufacturer  and  Importer  of  Machinery,  Mex- 
ico City,  Mexico. 

Whitlock,  E.  H.,  '90 — Consulting  Engineer,  200  West  Fourth  Street,  Cin- 
cinnati, O. 

Whitlock,  Roger  H.,  '82 — Professor  of  Mechanical  Engineering,  State 
Mechanical  and  Agricultural  College,  Texas. 

Whitney,  A.  R.,  Jr.,  '90 — General  Manager,  Puget  Sound  Wire-Nail  and 
Steel  Co.,  and  Manager  Everett  Railway  and  Electric  Co.,  P.  O.  Box 63, 
Everett,  Wash. 

Whitney,  O.  C,  '92 — Assistant  Engineer,  Pintsch  Compressing  Co.,  160 
Broadway,  New  York  City. 

Wilbor,  Anson  G.,  '93 — 59  Lancaster  Street,  Albany,  N.  Y. 

Wiles,  Edwin  L.,  '76-  Superintendent,  Steel  Department,  Riverside  Iron 
Works,  Wheeling.  W.  Va. 

Wilkes,  J.  Frank,  '85 -Superintendent,  Mecklenberg  Iron  Works,  Char- 
lotte, N.  C. 
Wilkes,  J.  Renwick,  '93 — Trenton  Iron  Co.,  Trenton,  N.  J. 

Williams,  Harvey  I).,  '85- -Assistant  Professor  of  Drawing  and  Machine 
Design,  Sibley  College,  Cornell  University,  Ithaca,  N.  Y. 

Williams,  Frank  H.,  '81-  Flenniken  Turbine  Co.,  Dubuque,  Iowa. 

WiLLLS,  Edward  J., '88-  General  Manager, Talbott  &  Sons  Co.,  Richmond, 
V'a.  , 

Willis,  Paul,  '85 — 614  First  National  Hank  Building,  Chicago,  111. 
Wolcott,  Henry  A..  '91  -Wolcott  &  Darby,  Mechanical  Engineers,  278,^ 
Main  Street.  Hartford,  Conn. 

Wolff,  Alfred  R.,  '76— Consulting  Mechanical  Engineer,  Fulton  Build- 
ing, New  York  City. 

Wolff,  John,  '88— Edison  Electric  Illuminating  Co.,  358  Pearl  Street, 
Brooklyn,  N.  Y. 

Wood,  F.  H.,  '93    Upper  Montclair,  N.  J. 

WooDBRiDGE,  J.  Lester,  '86 — Woodbridge  &  Turner,  Electrical  Engineers 
and  Contractors,  74  Cortlandt  Street,  New  York  City. 
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Woodman,  Durand,*  '8o — Analytical  and  Technical  Chemist,  127  Pearl 
Street  and  80  Beaver  Street,  New  York  City. 

WoRTENDYKE,  Ira  F.,  '89— Superintendent,  New  Gas-Light  Co.,  5  North 
Main  Street,  Janesville,  Wis. 

Wreaks.  Hugh,  '90— Brooklyn,  N.  Y. 

Wreaks,  William  B.,  '89 — Westinghouse  Electric  &  Manufacturing  Co., 
Pittsburgh,  Pa. 

Wright,  Ernest  N.,  '83—"  Hazelbrook,"  Germantown,  Philadelphia,  Pa. 

WuiCHET,  Edward  S.,  91— Vice-President,  The  Miami  Valley  Boiler  Co., 
Dayton,  O. 

Wyant,  Robert  E.,  '89 — Superintendent,  Colorado  Springs  Gas  &  Electric 
Co.,  Colorado  Springs,  Col. 

Wynkoop,  Hubert  S.,  *88 — Mechanical  and  Electrical  Engineer,  with  Elec- 
trical &  Mechanical  Engineering  Co.,  39  Cortlandt  Street,  New  York  City. 

Yereance,  William  B.,  '88 — Secretary  to  General  Superintendent,  West 
Shore  R.  R.  Co.,  West  Forty-second  Street,  New  York  City. 
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RECENT    PUBLICATIONS. 

The  Theory  of  Turbines.  By  De  Volson  Wood,  Professor  of  Me- 
chanical Engineering,  Stevens  Institute  of  Technology.  Pp.  64.  Pub- 
lished by  John  Wiley  &  Sons,  New  York. 

The  author  deduces  a  general  equation  for  the  work  done  by  a  hydraulic 
turbine,  and  the  efficiency  for  the  same,  including  internal  resistances,  and 
draws  from  it  some  general  conclusions.  But  the  more  valuable  part  of  the 
work  consists  in  the  numerical  values  deduced  from  the  general  equation  by 
assuming  certain  values  for  the  constants  of  the  wheel.  These  results,  being 
tabulated,  furnish  the  basis  for  further  discussions  which  will  be  of  practical 
value  to  the  designing  engineer.  Among  other  things,  it  is  shown  that  the 
efficiency  of  the  inflow-wheel  is  generally  higher  and  is  less  affected  by  va- 
riations in  the  constants  than  the  outflow;  and  hence  it  is  a  better  type  for 
general  use.    Several  special  types  are  also  discussed. 

Facts  and  Figures  Relating  to  Electric  Railway  Work.  L.  W. 
Serrell,  M.  E.,  '78. 

This  is  a  handy,  practical  booklet,  embodying  the  hard-won  experience 
of  the  author  in  the  line  indicated. 

The  Theory  and  Practice  of  Lettering.  By  Christopher  E. 
Sherman,  C.  E.,  Columbus,  Ohio. 

This  is  a  b(K)k  of  some  twenty-four  pages,  embodying  selections  from 
the  works  of  others  available  to  the  author,  and  compiled  with  special  refer- 
ence to  the  needs  of  students  in  engineering. 

While  the  book  could  doubtless  be  made  of  greater  value  to  the  student 
by  the  addition  of  detail  instructions  as  to  the  principal  strokes  to  be  exe- 
cuted in  forming  the  letters,  it  contains  much  practical  information  and 
many  useful  suggestions,  which  will  aid  in  crystallizing  the  vague  impres- 
sions of  beginners  on  the  subject  of  Lettering. 

The  Catalogue  of  Keuffel  &  Esser  Co.,  for  1895,  is  deserving  of  men- 
tion here,  for  the  reason  that  it  contains  much  more  information  concerning 
the  materials  and  instruments  employed  by  draughtsmen  and  engineers 
than  is  available  in  the  same  compass  elsewhere. 

The  distinctions  noted  in  this  book  between  the  qualities  of  the  various 
articles  of  a  class,  and  their  adaptability  to  special  uses,  should  materially  as- 
sist those  who  have  occasion  to  make  selections,  yet  lack  familiarity  with  the 
articles;  and  the  amount  of  explanatory  matter  introduced,  and  the  com- 
pleteness with  which  the  newest  instruments  are  represented  is  warrant  for 
its  examination  by  draughtsmen,  however  well  posted. 
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ACCESSIONS   TO   THE   INSTITUTE    LIBRARY,  JULY    i,   1894, 

TO  JANUARY  i,  1895. 


Books  Purchased, 

Stabiliti des  Constructions  Resistance  des  Materiaux.    By  A.  Flamont.    Paris. 

Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers.  Vol.  1 16. 
Part  II.     1 893- 1 894.     London. 

Handbuch  der  Anorganishe  Cheniie,    By  Dr.  O.  Dammer. 

Select  Methods  in  Inorganic  Analysis.    By  W.  Crookes. 

Marine  Propellers,    By  Sidney  W.  Bamaby. 

Resistance  of  Ships.    By  D.  W.  Taylor. 

Transactions  of  Institution  of  Naval  Architects.    3  Vols.     1891, 1892, 1893. 

Catalogue  of  Scientific  Papers.    \'ols.  9  and  10.    Royal  Society,  London. 

" Solutions:'     By  W .  Ostwald. 

specifications  and  Drawings  of  Patents,  U.  S.  Patent  Office.  January, 
March,  April,  1893. 

Official  Gazette,   U,  S.  Patent  Office.    Vols.  59  and  66. 

Arithmetic  of  Magnetism  and  Electricity.     By  Morrow  and  Reid. 

Electricity  for  Engineers.     Parts  I.  and  II.     By  Chas.  Desmond. 

A  Laboratory  Manual  of  Physics  and  Applied  Electricity,  By  E.  L. 
Nichols. 

Lightning  Conductors  and  Lightning  Guards.    By  O.  J.  Lodge. 

On  the  Development  and  Transmission  of  Power  from  Central  Stations. 
By  W.  C.  Unwin,  F.  R.  S. 

Poly  phased  Alternating  Currents.     By  E.  Hospitalier. 

Journal  fur  Chemie.    Vol.157.     Leipzig. 

The  Chemistry  of  Paper-making,     By  R.  B.  Griffin. 

Watts*  Dictionary  of  Chemistry.    Vol.  4.     By  Muir  &  Morley. 

Petroleum  ;  Its  Products,  etc.     By  William  T.  Brandtt. 

Chemise  he  Praparatenkunde.     By  Dr.  Hugo  Erdmann. 

Namen  Register,  i8y4-i8gj,  Annalen  der  Physik  und  Chemie.  By  G.  Wiede- 
mann. 

Annalen  der  Physik  und  Chemie.    \'oIs.  287-288.     By  G.  Wiedemann. 

Annalen  der  Chemie.    Vols.  278-279.     Leipzig. 

Annates  de  Chemie  et  de  Physique.     1894.     Paris. 

Chemisches  Central- Blatt.    Jan.- July,  1894.     Leipzig. 

The  Steam  Engine,     By  J.  A.  Ewing. 

Report  of  the  British  Association  for  the  Advancemctit  of  Science.  2  \'ols. 
1888  and  1893.     London. 

Proceedings  of  the  Royal  Society  of  London.     \v\.  55. 

Journal  of  the  Franklin  Institute.     Vol.  137. 

Transactions  of  the  American  Institute  of  Mining  Engineers.     1893. 

The  Electrician.    Vol.  32.     London. 

Scientific  American.     Vol.70.     (Jan.-July,  94.) 

The  Engineer,     Vol.  ']'].    (Jan.-July,  94.) 

Engineering.    Vol.  57.     (Jan.-July,  94.) 
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A  Text-Book  on  Roofs  and  Bridges,  Part  i.    By  Mansfield  Merriman. 
The  Electrical  World,    Vol.  23  (Jan-July,  '94). 
The  Electrical  Engineer.    Vol.  17  (Jan.-July,  '94). 

Books  Contributed, 
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I     ^*T^>   LENOX   AND 
BY    PRESIDENT    HENRY    MORTON,  PH.  ii    "'J>EN  FOUNDATlONa. 

In  the  report  of  iny  lecture  on  Engineering  Fallacies  which 
was  published  in  the  Indicator  of  October,  1894,  occurs  the 
following  remark:  "It  may  seem  almost  needless  to  say  so 
much  on  the  subject  of  these  gross  and  conspicuous  fallacies ; 
but,  while  the  stock  of  the  Keely  Motor  Co.,  in  the  face  of 
repeated  exposures  and  years  of  unfulfilled  promises,  has  to- 
day a  value  in  the  market,  and  when  not  only  such  daily  papers 
as  are  notorious  for  their  lack  of  truth,  honor  or  decency,  but 
even  respectable  journals,  will  publish  articles  seriously  advo- 
cating such  plans,  it  is  evident  that  even  such  fallacies  need  to 
be  met  and  exposed  by  the  intelligent  engineer."  Since  the 
publication  of  these  words,  the  necessity  of  such  explanations 
and  exposures  of  even  such  gross  and  conspicuous  fallacies 
has  been  veiy  emphatically  illustrated. 

Thus,  to  begin  with,  even  so  respectable  a  journal  as 
The  Engineer,  published  in  London,  in  its  issue  of  January 
nth,  had  an  editorial  article  on  my  paper  above  named,  in 
which  my  conclusions  as  to  the  impossibility  of  "perpetual  mo- 
tion" were  called  in  question,  and  it  was  maintaineci,  on  the 
contrary,  that  the  discovery  of  mechanical  and  like  combina- 
tions by  means  of  which  power  might  be  got  for  nothing  is  a 
possibility  that  no  one  would  be  justified  in  den\'ing. 

That  such  a  position  should  be  taken,  at  this  date,  by  the 
editor  of  an  engineering  journal  of  such  standing  is  so  remark- 
able a  phenomenon  that  I  will  quote  the  language  of  J/ie  En- 
gineer on  this  subject. 
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After  some  general  remarks  on  the  doctrine  of  Conserva- 
tion of  Energy,  etc.,  the  writer  proceeds  to  illustrate  his  position 
as  follows : 

"Let  it  be  supposed  that  the  cylinder  of  a  beam  engine  was 
removed,  and  replaced  by  a  series  of  very  powerful  magnets 
arranged  round  the  piston.  If,  now,  the  first  ring  of  magnets, 
and  then  the  second  and  third,  and  so  on,  attracted  the  piston 
successively,  the  engine  would  work  just  as  though  driven  by 
steam.  Let  the  magnets  be  permanent,  and  let  the  piston  be 
surrounded  by  a  cylindrical  shield,  which,  while  itself  non-mag- 
netic, would  also  cut  off  the  influence  of  the  magnets  as  it  passed 
each  on  its  way  down.  Under  these  conditions  we  would  have 
a  machine  which  would  comply  with  the  perpetual-motion  man's 
desire.  In  one  sense  it  would  flatly  contradict  the  conservation 
of  energy  theory  —we  should  get  power  for  nothing.  The  only 
thing  needed  is  the  magnetic  shield.  Now  why  is  it  that  no 
such  shield  exists  ?  Is  it  because  the  existence  of  the  shield 
would  upset  the  conservation  of  energy  ?" 

To  the  above  double  question  we  answer  at  once,  yes.  In 
other  words,  the  law  of  the  conservation  of  energy  is  like  all 
other  laws  of  science,  simply  the  generalized  statement  of  uni- 
versal antecedent  experience.  If  they  deserve  to  be  accepted 
as  laws,  it  is  simply  because  antecedent  experience  has  been  so 
extended  and  invariable  that  we  are  entitled  to  believe  that  it 
will  continue  to  be  invariable,  and  that,  therefore,  we  are  war- 
I anted  in  assuming  that  a  statement  or  assumption  which  would 
flatl}'  contradict  such  laws  is  untrue  or  impossible. 

It  may,  of  course,  be  said  that  our  experience  can  never  be 
so  extended  as  to  absolutely  exclude  the  i)os.sibility  of  some 
modification  of  any  given  law  ;  but  that  simply  goes  to  the 
question  as  to  the  truth  of  the  law,  and  of  our  reliance  upon  it. 

As  long  as  we  believe  the  law  to  be  true,  we  must  assert  of 
any  proposition  subverting  such  law  that  it  is  untrue  or  impos- 
sible. 

To  sav  that  any  one  can  "hold  the  doctrine  of  the  conserva- 
tion  of  energy  with  uncjuestioning  faith  "  and  yet  regard  as  pos- 
sible a  condition  of  facts  that  would  "flath'  contradict  it,"  is  to 
use  language  in  a  manner  only  approi)riate  to  a  lunatic  asylum. 

Our  friend  of   llic  En^inCiT  is   probably  not  aware  that  his 
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sugg[cstion  about  the  engine  operated  by  permanent  magnets 
and  a  magnetic  shield  is  not  new. 

In  1879  a  Mr.  Gary  brought  before  the  public  in  Boston, 
Mass.,  a  magnetic  motor,  which  was  represented  as  operating 
in  just  this  way.  A  magnetic  shield  was  interposed  between 
permanent  magnets  and  movable  pieces  of  soft  iron  and  with- 
drawn at  the  proper  time,  so  as  to  secure  continuous  motion. 
A  five-page  illustrated  article  headed  "Gary's  Magnetic  Motor," 
treating  the  subject  in  all  seriousness  as  involving  a  great  and 
useful  discovery,  was  published  in  the  long  established  and 
highly  respectable  journal.  Harper  s  Monthly,  in  its  issue  of  March, 
1879,  pp.  601-605  inclusive. 

In  this  article  it  was  truly  stated  that  a  plate  of  soft  iron 
^vould  constitute  a  magnetic  shield,  and  that,  if  introduced  be- 
tween a  permanent  magnet  and  an  armature  or  piece  of  soft 
iron  attracted  by  .said  magnet,  it  would  cut  off  such  attraction, 
^hich  would,  of  course,  be  renewed  on  the  removal  of  the 
shield.  Various  forms  of  motors  operating  on  this  principle 
^ere  figured  and  described. 

The  operation  of  these  machines  was  described,  at  the  time, 
"by  an  eye-witness,  to  the  present  writer,  who,  however,  did  not 
find  his  belief  in  the  conservation  of  energy  consistent  with  the 
acceptance  of  assertions  flatly  contradictory  to  the  same,  even 
from  an  eye-witness,  but,  by  a  careful  examination,  elicited  the 
fact  that  all  the  machines  which  ran  without  manual  aid  had 
electro-magnets  in  them  excited  by  a  galvanic  battery.  The 
inventor  had  explained  that  this  was  only  to  secure  greater  in- 
tensity of  magnetization  than  could  be  obt^iined  with  i)ermauent 
jnagnets;  but  the  opening  for  fraud  thus  presented  was  of  course 
Tnanifcst.  In  the  machines  not  operated  with  electro-magnets 
the  withdrawal  of  the  magnetic  shield  was  effected  by  hand. 

The  whole  matter  was  not  diflPicult  to  treat  on  general  prin- 
ciples. It  is,  of  course,  true  that  iron  will  act  as  a  '*  magnetic 
shield";  but  when  it  does  so,  it  is  itself  attracted,  and  the  work 
expended  in  withdrawing  it  from  before  the  magnet,  as  might 
reasonably  be  expected,  is  equal  to  that  which  could  be  devel- 
oped by  the  changes  of  attraction  secured  by  its  manipulation. 

In  this  case,  the  condition  required  b\'  T/w  Engineer,  of  a 
magnetic  shield  not  itself  magnetic,  was  not  supplied,  neither 
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has.  such  a  shield  been  produced  since,  nor  need  it  be  expected 
that  such  a  combination  will  ever  be  discovered.     If  it  should 
be,  perpetual  motion  would  be  realized  and  "the  conservation- 
of  energy  "  would  become  an  exploded  theor>'. 

It  is  interesting  to  notice  that  the  fundamental  principles 
involved  in  the  actions  which  really  took  place  in  the  Gary  mo- 
tors are  fully  expressed  in  **  Rudimentary  Magnetism,*'  by  Sir 
W.  Snow  Harris,  published  in  the  Weals  Series  of  Manuals,  1850, 
pp.  29  to  36. 

Indeed,  we  find  the  foundation  of  it  all  in  the  "Principia" 
of  Sir  Isaac  Newton,  Proposition  XXIII.,  Theorem  XVIII., 
Scholium,  where  we  read:  *'\Ve  have  an  example  of  this  in 
magnetic  bodies.  Their  attractive  virtue  is  terminated  nearly 
in  bodies  of  their  own  kind  that  arc  next  them.  The  virtue  of 
the  magnet  is  contracted  by  the  interposition  of  an  iron  plate,  and 
is  almost  terminated  at  it." 

It  is  hardly  necessary  to  say  that  the  Gary  Magnetic  Motor 
turned  out  to  be  a  fraud,  the  energy  required  for  the  automatic 
motors  being  supplied  by  the  galvanic  battery  whose  connec- 
tions with  the  electro-magnets  were  broken  at  the  proper  time, 
while,  in  the  others,  the  manual  force  applied  to  the  shields  was 
in  fact,  the  origin  of  their  movement.* 

Again,  our  friend  of  tlie  Engineer  says,*'  Thus,  there  is  no 
reason  known  to  mankind  why  gravity  should  not  be  inter- 
rupted; and,  if  any  inventor  announced  to-morrow  that  he  had 
discovered  or  invented  the  material,  no  man  living  would  be 
justified  in  calling  him  a  liar,  on  the  ground  that  he  said  he  had 
done  that  which  is  impossible." 

To  this  I  would  reply  that  an\'  man  who  "  held  the  doctrine 
of  conservation  of  energy  with  an  unquestioning  faith  "  would 
be  full)'  justified  in  using  any  terms  consistent  with  propriety, 
in  indicating  his  absolute  disbelief  in  the  statement  made, 
because  the  same  "would  flatlv  contradict  the  conservation  of 
energy,"  and  would  therefore  invo!\'e  a  claim  that  "he  had 
done  that  which  is  impossible." 

♦When  this  (lary  Motor  first  appeared  the  present  writer  published  an 
explanation  of  the  above  tenor  in  \\\{t  Journal  of  thr  Franklin  Institute^  1^79. 
Vol.  'j'jt  p.  337,  and  in  the  Scientific  American,  1879,  \\>1.  40,  p.  324. 


Engineering  Fallacies,  129 

There  wa  "reason  known  to  man  why  gravity  should  not 
be  interrupted/*  namely,  that  such  a  performance  would  flatly 
contradict  the  doctrine  of  the  conservation  of  energy,  and  also 
be  contrary  to  universal  experience  ;  and,  therefore,  when  I  see 
the  performances  of  illusionists,  or  read  of  those  by  Indian 
Fakirs,  in  which  gravity  seems  to  be  interrupted,  I  do  not 
trouble  myself  in  the  least  as  to  the  ground  of  my  faith  in 
"the  conservation  of  energy,"  but  simply  try  to  detect  the  trick. 

What  I  have  written  above  shows  that  the  **  doctrine  of 
conservation  of  energy"  is  one  calling  for  "missionary  effort," 
even  in  the  scientific  circle  surrounding  such  an  instructor  as 
**  77/^*  £'7/^//^rr;"  and,  stepping  down  to  a  lower  level,  I  find 
another  call  for  enlightenment  in  one  of  our  most  prominent 
daily  journals. 

Thus,  on  the  editorial  page  of  the  New  York  Sun,  March 
27th,  is  a  letter  signed  Geo.  IL  Peabody,  and  headed  "Keelv 
Heard  From  Again,"  in  which  is  announced  the  speedy  ex- 
hibition of  a  "250  horse  power  commercial  engine."  The  chief 
evidence  adduced  in  this  letter  in  support  of  the  above  claims 
is  a  quotation  from  the  late  Dr.  Leidy,  justly  celebrated  as  one 
of  the  first  anatomists  and  surgeons  of  the  world,  which  reads 
as  follows:  '*Mr.  Keely's  discoveries  would  astonish  the  scien- 
tific world,  and  the  great  worth  of  them  could  not  be  esti- 
mated." 

That  Dr.  Leidy  made  such  a  statement,  I  have  no  doubt 
whatever,  nor  that  he  stood  at  the  head  of  his  profession  ;  but, 
that  he  was  competent  to  investigate  such  a  subject  as  the 
Keely  motor  tricks,  is  quite  another  matter. 

Having  some  personal  acquaintance  with  Dr.  Leidy,  I 
know  him  to  have  been  a  man  of  i^erfect  candor,  and  ol  a  trust- 
fulness of  disposition  which  led  hi  n  to  accept  any  statement 
made  to  him  as  presumably  correct;  and  to  i^o  on  believing, 
even  when  he  saw  that  what  he  had  been  told  might  possibly 
be  untrue. 

This  is  strikingly  illustrated  by  a  correspondence  I  had 
with  him  on  the  very  subject  of  the  Kcel\'  motor,  as  I  will  now 
relate.  In  October,  iScSq,  at  the  recjuest  of  some  friends,  I  had 
agreed  to  attend  an  exhibition  of  the  Keel)-  motor,  but,  at  the 
last  moment,  was  prevented  irom  doing  so. 
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A  neighbor,  however,  who  was  a  firm  believer  in  Mr.  Keely, 
went  to  the  "seance,*' and  the  next  day  reported  to  me  in  a 
vivid  manner  all  that  was  done,  relating,  also,  that  Dr.  Leidy 
was  present  and  had  expressed  surprise  and  conviction. 

So  clear  was  the  account  of  my  friend,  that  I  felt  certain 
I  could  judge  from  his  description  how  the  operation  was  carried 
out,  and  I  therefore  wrote  to  Dr.  Leidy,  explaining  my  solution, 
and  asking  him  a  series  of  questions  calculated  to  bring  out 
any  objections  to  my  theory. 

He  replied  admitting  that  my  explanation  was  consistent 
with  everything  he  had  seen,  but  expressing  the  wish  that  I 
would  come  on  and  see  for  myself  these  "wonderful  experi- 
ments." In  other  words,  the  Doctor,  while  realizing  that  the 
effects  might  be  produced  by  a  trick,  could  not  believe  that 
deceit  had  been  employed,  and  that  Mr.  Keely  was  anything 
else  than  the  honest  investigator  he  pretended  to  be. 

This  use,  or  abuse,  of  the  reputation  of  men  distinguished 
in  some  very  different  line  of  studies,  which,  in  many  cases, 
directly  unfits  them  for  the  investigation  of  such  fallacies,  is  a 
very  common  device,  of  which  another  example  has  come  to 
my  notice  within  a  few  days.  In  my  previous  article,  I  related 
the  incidents  of  a  visit  to  the  workshop  in  Newark  where  Mr. 
Paine  was  exhibiting  a  i)erpetual-motion  electric  motor.  A  few 
days  since  a  letter  from  Mr.  Paine  api)earcd  in  a  local  daily,  in 
which  he  denies  the  fact  of  my  visit,  and  proceeds  to  substan- 
tiate the  value  of  his  invention  by  reciting  the  names  of  a 
number  of  distinguished  men, all  now  dead,  who  took  a  financial 
interest  in  ils  development.*    It  so  happens  that  I  knew  nearly 

♦In  kindness  to  Mr.  Paine,  I  will  assume  that  the  question  he  has 
raised  as  to  the  fact  of  my  visit  and  what  1  saw  in  the  building  in  which  his 
electro-magnetic  engine  was  exhibited  is  one  of  memory  rather  than  veracity, 
and,  in  this  view,  it  is  easily  settled  by  reference  to  a  letter  published  about 
the  time  of  my  visit  by  Prof.  Henry  A.  Rowland,  C.  E.,  now  of  Johns  Hop- 
kins University,  Baltimore,  Md.,  and  which  appeared  in  the  Scicfitific  Amer- 
ican for  187 1,  \'ol.  25,  p.  21. 

In  this  letter  Prof.  Rowland  relates  how,  on  applying  for  admission, 
about  12  o'clock,  he  was  told  that  the  machine  was  not  running  then  ;  but 
that  returning  after  one  o'clock,  he  was  admitted  and  taken  up  to  the  second 
floor  of  a  brick  building,  where  hefound  the  inventor.someof  his  friends,  and 
his  machine;  also,  that  the  machine  was  envelo])ed  in  a  cast-iron  case,  giving 
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• 

all  these  gentlemen  at  the  time  referred  to,  and  most  that  I 
said  outside  of  my  own  observations  was  communicated  to  me 
by  them.  While,  however,  in  questions  of  finance,  politics, 
military  affairs,  details  of  mechanical  manufacture  and  philan- 
thropy, I  would  gladly  sit  at  their  feet  as  a  learner,  there  was 
not  one  of  them  whom  I  would  trust  to  detect  manipulations 
such  as  were  involved  in  Mr.  Paine *s  exhibitions. 

A  general,  a  governor,  a  millionaire,  a  constructor  of  small 
machines,  and  even  the  most  benevolent   and  public-spirited 


it  the  general  appearance  of  a  fan  blower,  and  was  seemingly  operated  by  a 
battery,  with  a  great  development  of  energy. 

Prof.  Rowland  then  continues  as  follows:  "The  exhibition  being  over, 
on  going  down  stairs,  in  company  with  the  rest,  I  tried  the  d(K)r  of  the  room 
below,  but  found  it  locked,  and  the  windows  covered  with  papers.  I  desired 
to  get  in,  but  was  met  with  the  assurance  that  the  room  was  rented  by  a  man 
who  was  then  absent. 

"This,  I  believe,  is  the  last  visit  paid  by  an  outsider  to  this  wonderful 
invention.    I  have  been  there  several  times  since,  but  there  has  been  no  ad- 
mittance to  me  or  to  anyone  else.   I  have  since  been  to  the  owner  of  the 
"building,  and  find  that  Mr.  Paine   rents  the  room  to  which  I  sought  admit- 
tance, and  also  rents  power  in  that  same  room,  which  is  directly  below  that 
containing  his  machine.    The  engine  from  which  the  power  comes  generally 
stops  work  at  twelve  and  starts  again  at  one,  but  sometimes  works  all  day. 
" My  visits  there  have  established   the  following  facts:   First.  That 
my  friend  and  I  were  denied  admittance  at  twelve  o'clock,  but  were  invited 
t:o  come  at  one.    Second.  That  the  shaft  in  the  room  below,  does  not  revolve 
l^etween  the  hours  of  twelve  and  one.    Third.  That  the   room  below,  con- 
taining power,  was  rented  by  Mr.  Paine;  but  that  he  kept  it  carefully  locked, 
^nd  misguided   me  as  to  the  tenant.     Fourth.   That   the  working  parts  are 
concealed  in  an  unnecessarily  strong  case,  well  adapted  to  the  concealment 
of  another  source  of  power." 

This  is  followed   by  much  more   to  the  same  effect,  but   enough  has 

l>een  quoted  to  show  that   it  is  not  my  memory  which  was  at   fault  when  I 

related  what  I  had  seen,  at  the  time  of  my  visit  shortly  before  thisone  made 

by  Prof.  Rowland.    That  Mr.  Paine  should  have  forgotten  the  fact  that,  aften 

declining  his  invitation   in   the   morning,  I    nevertheless  accepted  in  the 

afternoon,  after  my  lecture  preparations  were  completed,  is  entirely  natural. 

As  to  the  substantial  accuracy  of   my  memory  about  the  collapse  of 

Mr.  Paine's  company,  the  following  brief  quotation  will,  I  think,  suffice. 

Scientific  American,  1872,  V^ol.  26,  p.  321.  "The  Telef^rapher  states 
that  the  Paine  Electro-Magnetic  Engine  Company  Bubble,  late  of  Newark, 
N.  J.,  has  gone  up;  that  the  inventor  has  left  for  the  East,  where  the  wise 
men  came  from;  and  that  the  stockholders  have  experienced  a  galvanic 
shock  in  the  shape  of  a  total  loss  of  their  interests." 
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« 

of  manufacturers,  were  far  more  likely  (as  in  this  case  was 
actually  proved)  to  be  lambs  easily  shorn  bya  clever  adventurer, 
than  competent  detectives  able  to  expose  his  methods. 

This  is  in  fact  one  of  the  pitfalls  that  the  young  engineer 
needs  to  be  warned  of,  and  to  avoid;  namely,  the  risk  of  being 
led  to  accept  a  statement  as  true,  because  it  is  credited  and 
perhaps  endorsed  by  some  one  prominent  in  business,  or  who 
is  before  the  public  (with  good  cause),  for  eminent  achieve- 
ments in  some  special  field.  The  liability  to  be  misled  on  un- 
familiar subjects  existing  in  high  places  is  simply  incredible,  if 
the  evidence  were  not  overwhelming.  For  example,  some  few 
years  ago,  I  was  called  on  to  give  testimony  in  a  case  which 
grew  out  of  the  circumstance  that  a  gentleman  of  the  highest 
standing  in  his  community  and  the  business  head  of  a  great 
chemical  works  had  allowed  himself  to.  be  persuaded,  by  means 
of  fraudulent  experiments,  that,  by  a  certain  hocus-pocus  pro- 
cess, a  pound  of  ammonium  sulphate  could  be  made  to  yield 
twice  the  quantity  of  ammonia  which  it  contained. 

The  fraud,  in  this  case,  consisted  (as  was  shown  during  the 
trial),  in  packing  a  quantity  of  the  ammonia-salt,  out  of  sight, 
in  the  generating  vessel,  before  the  arriv'al  of  the  gentlemen  in 
whose  presence  the  ''experiment''  was  conducted.  Curiously 
enough,  the  suit  above  referred  to  was  brouglit  by  the  repre- 
sentatives of  the  swindlers,  to  coini)el  the  confiding  victim 
to  pay  some  S40.000  for  stock  in  a  comi)any  which  was  to  be 
formed  for  the  development  of  the  "///rvv/Z/^v/."  Thanks  to  an 
array  of  learned  counsel  and  an  intelligent  jury,  the  complain- 
ant was  not  successful;  hut,  I  should  be  sorr\'  to  have  to  pay 
the  exi)enses  incurred  by  the  successful  litigant,  to  say  nothing 
of  the  Jf^5,ooo  cash  he  had  given  as  "earnest"  to  the  "pro- 
moters." 

The  fact  is  that  for  the  investigation  of  such  "inventions'* 
a  peculiar  detective  taieiit  and  exj^erience  are  recjuired;  and,  in 
all  cases,  it  is  prudent  tohaxe  nothing  to  do  with  such  schemes 
mless  the  entire  conduct  of  the  exi)eriment  is  placed  in  the 
lands  of  the  investigator.  A  demand  for  this  will  generally 
relieve  any  one  from  the  importunities  of  "  promoters"  and 
"inventors^'  of  this  class. 
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ON    THE    BERTHELOT-MAHLER   CALORIMETER   FOR   THE 
DETERMINATION  OF  THE  CALORIFIC  POWER  OF  FUELS. 

BY   PROFESSOR   ALFRED    M.    MAYER. 

I  have  often  heard  experimenters,  especially  those  who 
style  themselves  practical  men,  say  that  the  result  of  their  work 
'was  **  good  enough."     Good  enough  is  a  relative  term  and  im- 
plies that  good  is  known.     That  is,  that  the  experimenter  has 
the  knowledge  of  the  tnagtiihuic  o/f/ic  errors  existing  in  the  results 
of  his  experiments.     Of  this  knowledge  he  is  often  ignorant. 
By  "  good  enough  "  young  engineers  are  sometimes  led  into 
serious  errors.     For  instance,  no  one   accustomed  to  precise 
work  in  calorimetry  would  say  that  the  determination  of  the 
temperature  of  a  furnace,  ascertained  by  placing  a  piece  of 
metal  of  known  weight  and  specific  heat  in  the  furnace  and  then 
plunging  it  into  a  horse-bucket  containing  a  known  weight  of 
W'ater,  and  from  the  rise  of  temperature  ascertained  with  an  un- 
corrected thermometer,  reading  only  to  single  degrees,  would 
6"' ve  the  data  with  sufficient  accuracy  for  "  practical  purposes  " 
to  compute  the  temperature  of  the  furnace  :  for  the  equivalent 
^^  ^vater  of  a  wooden  bucket,  whose  substance  contains  an  un- 
*^novrn  quantity  of  absorbed  water,  cannot  be  ascertained,  and 
^'^^   thermometer  does  not  give  the  temperature  with  sufficient 
^^^viracy.     To   obtain   the   temperature   of  the   furnace   good 
^^Ough   for  the  object  in  view,  the  thermometer  should  have 
^^n  divided  into  tenths  of  a  degree,  and  the  water  equivalent 
^^  'the  calorimeter  (which  should  have  been  made  of  polished 
^^tal)  should  have  been  accurately  known  and  the  loss  of  heat 
y  tihe  radiaton  of  the  calorimeter  should  have  been  detcrniin- 
^^-      Yet  I  have  read  accounts  of  the  good  enough  results  of 
such  rough  work  with  the  horse-bucket  as  giving  the  temper- 
atures of  furnaces. 

The  object  of  this  paper  is  to  give  information  which  will 
^^able  one  to  decide  when  his  cxi)crimcnts  on   the  calorific 
po>ver  of  fuels,  determined  with  the   Herthclot- Mahler  Calori- 
meter, are  good  enough. 
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The  Berthclot-Mahlcr  Calorimeter  was  first  described  by 
P.  Mahler  in  the  Bulletin  de  la  Soeiete  (feneouragefncnt pour  [In- 
dustrie  Nationale,  Juin,  1892.  Paris,  SiejT;e  de  la  Soeiete,  Rue  de 
Rennes,  44.  Abstracts  from  this  paper  have  been  published 
in  several  engineering  and  industrial  journals,  and  thus  this  cal- 
orimeter is  generally  known  to  mechanical  engineers. 

It  differs  from  Bcrthelot's  calorimeter  only  in  having  the 
interior  of  the  steel  bomb  lined  with  enamel  instead  of  with 
platinum  ;  a  modification  of  Bcrthelot's  calorimetric  bomb,  which 
greatly  lowered  its  price  and  allowed  it  to  be  extensively  used.* 
So  far  as  my  knowledge, permits  me  to  form  a  judgment,  this 
calorimeter  is  by  far  the  best  for  the  determination  of  the  calor- 
ific power  of  fuels.  It  is  already  in  use  in  industrial  establish- 
ments in  all  parts  of  the  world. 

The  Berthelot- Mahler  calorimeter  consists  essentially  of  a 
bomb  forged  out  of  Martin-Siemens  steel,  ^V  of  a  centimetre 
thick  and  holding  (in  the  bomb  of  the  Stevens  Institute  of 
Technology)  638  cubic  centimetres.  This  bomb  is  immersed  in 
2400  grams  of  water,  contained  in  a  vessel  of  polished  brass. 
This  brass  vessel  is  placed  inside  of  a  water-jacket  covered  with 
thick  felt.  The  water-jacket  contains  16  litres  of  water.  The 
water  in  the  brass  vessel  i)revious  to  and  during  the  experiment 
is  constantly  stirred  by  the  rotation  of  an  agitator  with  helicoi- 
dal  blades.  The  agitator  is  made  of  the  same  kind  of  brass  as 
forms  the  vessel  holding  the  water. 

In  the  bomb  is  placed,  on  a  platinum  dish,  about  a  gramme 
of  the  combustible  whose  calorific  power  is  to  be  determined;  the 
cap  of  the  bomb  is  then  tightly  screwed  on  and  a  flange  on  the 
cap  is  thus  forced  into  close  contact  with  a  ring  of  lead  on  the 
bomb,  so  that  the  gas  does  not  escape,  even  when  under  a  pres- 
sure of  over  100  atmospheres.  The  bomb  is  now  connected  with 
a  cylinder  of  com|)rcsscd  oxygen  and  the  gas  allowed  very  slowly 
to   flow  into  the   bomb  till   a  pressure  of  from  25  to  30  atmos- 

*  "  Cette  couche  d'cniail  nccessairc  ;i  la  conservation  de  I'appareil,  rem- 
place  la  clieniise  de   j^lusieurs  niilliers  de  francs  de  jdatine  (}ui  garnil  la 
bomb  (de  Berthelot)  dii  College  de  France.    L'enduit  d'eniail  ne  saurait  s'op 
poser  a  la  transmission  de  la  chaleur,  car  il  est  entremement  mince.     On  e 
jiigera  d'apres  le  j)oids  de  cet  endiiit  (jui  est  de  20  i;ranmies  environ." 

Mahler. 
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pheres  is  shown  on  the  pressure  gua^ije.     It  is  not  necessary  to 
liave  more  pressure  of  oxygen  in  the  bomb.     I  have  found  that 
the  combustion  of  one  gramme  of  napthalene,  under  a  pressure 
of  20  atmospheres,  was  perfect,  and  napthalene  has  a  calorific 
power  of  9690  calories.     It  is,  however,  better  to  have  always  a 
pressure  in  the  bomb  of  at  least  25  atmospheres.     The  bomb  is 
now  closed  by  screwing  a  conical  valve  into  its  scat,  and  the 
bomb  is  immersed  in  the  water  of  the  calorimeter.     The  agi- 
tator is  worked  till  the  bomb  and  water  have  the  same  tempera- 
ture.    The  combustible  is   then   exploded  by  fusing  with  an 
electric  current  a  fine  iron  wire,  coiled  into  a  helix,  which  has 
been  placed  in  the  midst  of  the  combustible.     The  heat  pro- 
duced by  the  combustion  of  the  wire  is  to  be  subtracted  from 
that  given  by  the  combustion  of  the  fuel,  thus  :  multiply  the 
weight  of  the  wire  by  the  calorific  power  of  iron  ( 1 576).     If  the 
wire  weighs  0.025  gram,  then  0.025  x  1576  =  39.4  calories  is  to 
f^e  subtracted  from  the  number  of  calories  given  by  the  fuel. 

The  history  of  the  passage  of  the  heat  of  the  gases  of  com- 
bustion through  the  steel  bomb  into  the  surrounding  water  of 
the  calorimeter  is  given  in  the  curve  in  this  paper. 

It  is  here  to  be  said  that  in  using  2400  grammes  of  water  in 
the  calorimeter,  the  water,  as  it  should  do,  covers  the  top  of  the 
homb,  and  the  water  may  short-circuit  such  an  amount  of  the 
current  that  only  a  fraction  of  it  passes  through  the  wire  and 
the  latter  is  not  fused.  This  is  readily  avoided  by  covering  the 
rc^d  w-hich  carries  the  current  into  the  calorimeter  with  a  tightly 
"^^ing  rubber  tube  which  insulates  the  rod  from  the  water. 

WATER    EgUIVALKNT    OF    THE    CALORIMETER. 

The  method  generally  adopted  by  physicists  to  obtain  the 
equivalent  in  water  of  a  calorimeter  is  to  multiply  the  weights 
of  the  different  substances  composing  the  calorimeter  by  their 
^^spective   specific   heats.     The    method    of   adding   a  known 
^'^'ight  of  hot  or  of  cold  water,  of  known  temperature,  to  the 
water  in  the  calorimeter  and  from  the  resulting  temj)eraturc  to 
compute  the  equivalent  in  water  of  the  calorimeter  is  not  accu- 
rate.   The  maximum  and  minimum  determinations  of  the  water 
equivalent,  thus  found  in  20  experiments,  will  differ  by  three  to 
five  per  cent,  from  the  mean  value,  according  to  the  skill  of  the 
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experimenter.  I  here  give  the  determination  I  have  made 
the  Berthelot-Mahler  calorimeter  of  the  Stevens  Institute 
Technology. 


Substance.         W 

''eight  in  grins. 

Specific  heat. 

Water  equivale 

Steel 

3590.403 

X 

.IO97I 

= 

393^867 

Knamel 

20. 

X 

.20452 

= 

4.090 

Lead 

8.2 

X 

.0314 

= 

•257 

Platinum 

22.603 

X 

.0324 

= 

•732 

Brass 

583.22 

X 

•093 

= 

54.240 

Mercury  in  ther. 

24.418 

X 

•0333 

s= 

•813 

Glass  in  ther. 

7.       3 

X 

.1977 

= 

1.384 

Air  in  bomb* 

779 

X 

•173' 

= 

•135 

0  %  25  atmos. 

• 

in  bomb*^ 

21.6 

X 

.158* 

"= 

3-415 

458.933 

We  have  taken  459  as  the  equivalent  in  water  of  our  calorimeter. 

THE    WATER-JACKET. 

This  part  of  the  calorimeter  is  of  prime  importance.  It 
surrounds  the  calorimeter  and  towards  it  the  //t^Z/rr  calorimeter 
radiates  its  heat  during  its  rise  of  temperature  after  the  explo- 
sion of  the  combustible.  The  water-jacket  should  be  cooler 
than  the  calorimeter  when  the  latter  has  attained  its  maximum 
temperature  ;  for,  if  the  water-jacket  is  then  hotter  than  the 
calorimeter,  the  maximum  temperature  attained  by  the  calorim- 
eter cannot  be  ascertained  (except  by  tedious  subsequent  ex- 
periments), for  the  thermometer  in  the  water  of  the  calorimeter 
will  continue  to  rise  after  the  bomb  has  given  all  of  its  heat  to 
the  water  of  the  calorimeter.  It  is  best  to  have  the  temperature 
of  the  w-ater  in  the  calorimeter,  at  the  moment  of  the  beginning 
of  the  combustion  of  the  fuel  in  the  bomb,  as  nearly  as  possible 
the  same  as  the  temperature  of  the  water-jacket.  This  condition 
is  not  difficult  to  obtain. 

(i)  Determined  by  Matignon  of  the  College  of  France. 

(2)  "  "     Berthelot  and  X'ieilie. 

(3)  VVcights  of  mercury  and  of  glass  immersed  in  water  of  calorimeter. 

(4)  See  J.  Joly.     Proc.  R.  S.  of  London,     t.  27.     p.  218.     18&;. 

(5)  Air  and  oxygen  in  bomb  are  taken  at  15  . 
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PROGRESS    OF    AN     EXPERIMENT   AND    THE     CORRECTION     OF    THE 

FINAL   TEMPERATURE    OF    THE     CALORIMETER     FOR     THE 

LOSS   OF   ITS    HEAT    BY   RADIATION. 

We  will  suppose  that  the  water  in  the  calorimeter  and  the 
water-jacket  have  the  same  initial  temperature,  after  the  water 
in  the  calorimeter  has  been  agitated  during  several  minutes. 
At  the  moment  of  the  explosion  of  the  fuel  the  time  is  recorded 
by  an  assistant,  who  keeps  the  agitator  in  action  and  calls  each 
half-minute  during  the  progress  of  the  experiment.  The  ob- 
server gives  him  the  temperature  at  each  half-minute  which  the 
assistant  writes  down.  When  the  maximum  temperature  occurs 
the  observer  gives  it,  and  the  assistant  notes  it  and  the  time 
when  it  took  place.  The  temperature  now  begins  to  fall  from 
the  radiation  of  the  hotter  calorimeter  towards  the  cooler  water- 
jacket,  and  the  temperature  is  recorded  at  the  end  of  each  min- 
ute till  five  or  six  minutes  have  elapsed.  We  have  now  the 
data  from  which  the  maximum  temperature  of  the  calorimeter 
can  be  corrected  for  the  loss  of  heat  by  radiation  which  took 
place  during  the  passage  of  the  heat  from  the  bomb  into  the 
water. 

The  successive  temperatures  as  ordi nates  and  the  corre- 
sponding times  as  abscissas  are  plotted  in  the  accompanying 
curve.     This  curve  is  the  record  of  an  actual  experiment. 

The  initial  temperature  of  the  calorimeter  and  water-jacket 
was  10°. 25. 

During  the  ist  half-niinutc  the  calorimeter  rose 
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and  reached  the  maximum  temperature  of  13^.84  at  the  end  of 
the  third  minute.  The  temperature  of  the  calorimeter  now 
began  to  fall;  and,  at  the  end  of  the  8th  minute,  it  has  fallen,  dur- 
ing ^\it  minutes,  0^^.06,  and'       =  o\o  12,  is  the  loss  per  minute 

5 

by  radiation  of  the  calorimeter  when  it  had  the  mean  tempera- 
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ture  of--- =  13°. 81  (see  curve),  and  differed  in  tem- 
perature from  the  water-jacket  by  13°. 81  —  10°. 25  =  3°. 56. 

Newton*s  law  of  cooling,  viz.,  that  the  loss  of  heat  by  radi- 
ation is  as  the  difference  of  temperature  between  that  of  the  hot 
body  and  that  of  its  cooler  inclosurc,  may  be  regarded  as  exact 
for  the  small  differences  of  temperature  existing  in  all  experi- 
ments with  this  calorimeter.  Applying  this  law  to  the  succes- 
sive mean  temperatures  of  the  calorimeter,  during  each  half- 
minute  from  the  beginning  of  the  experiment  to  the  time  when 
the  maximum  temperature  was  attained,  we  get  a  series  of  in- 
creasing amounts  of  heat  radiated  during  each  half-minute.  The 
summation  of  these  is  the  correction  for  loss  of  heat  by  radiation. 

During  thfe  second  half-minute  (see  curve)  the  gain  of  heat 
by  the  calorimeter  was  at  a  uniform  rate,  as  shown  by  the 
straight  line.     The  mean  temperature  of  this  second  half-minute 

IS   therefore     -*  -  -  — *^  =   11°. 85,  but  during  the   other  half- 

minutes  the    gain   of    heat    by   the    calorimeter    is    given    in 

curves.    To  get  the  mean  temperature  during  these  intervals  we 

^ake  from  the  curves  of  these  intervals  the  temperature  at  the 

beginning  of  the  half-minute,  at  the  yi,  ^,  5^  and  end  of  half- 

'ninute  and  divide  their  sum  by  5. 

Making  the  computation  of  loss  of  heat  by  Newton's  law, 

I  x  8/1  4-    I  ^  '^S 
^^    have  the  following  results  (see  curve),  =  13.81 

^nd  13.81  —  10.25  =  3°. 56.  With  this  maximum  difference  of 
^■^rtiperature  of  3''. 56  between  the  calorimeter  and  walcr-jacket 
tho  calorimeter  losto''.oi2  per  minute  and  0*^.006  per  half-minute, 
^oss  during  ist  half-minute  3.56  :  .006  =  10.49  —  ^O— 5  •  o'\ooo4 

2d    /'         **       3.56  :  .006  =  11.85  —  10.25  :  o  .0027 
2d  minute  3.56  :  .012  =  13.40  —  10.25  •  o  .0106 

3d  •*      3.56  :  .012  =  13.82  —  1.025  :  0  .0120 


••  it 


o'\o257 

^^erefore  0^.0257  has  to  be  added  to  13.84  —  10.25,  or  3 '.59  in 

^''cier  to  obtain  the  real  amount  of  heat  which  passed  from  the 

^nib  into  the  water  of  the  calorimeter.     3.59  +  .0257  =  3.616 

^  the  nearest  value  to  thousandths  of  a  dcirree. 


\ 
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In  this  experiment,  the  water  in  the  calorimeter  +  the 
equivalent  of  the  calorimeter  in  water  equalled  2681  grams,  and 
2681  X  3.616  =  9694  calories  as  the  calorific  power  of  the  com- 
bustible. If  this  correction  of  o°.0257  were  not  added  to  the 
observed  difference  of  I3°.84  —  io°.25,  the  calorific  power  of  the 
combustible,  so  determined,  would  have  been  69  calories  less 
than  the  real  value.  In  other  words,  the  correction  amounts  to 
.71  of  one  per  cent. 

The  combustion  of  a  coal  giving  8000  calories  caused  the 
temperature  of  the  calorimeter,  having  2859  as  number  of  grams 
of  water  +  equivalent  in  water  of  calorimeter,  to  rise  2°. 787. 
The  radiation  correction  was  +  .02.  This  correction  amounts 
to  57  calories,  or  .71  of  one  per  cent.  These  examples  give 
an  idea  of  the  value  of  the  correction  for  radiation.  This  cor- 
rection may  be  taken  as  generally  about  .7  of  one  per  c^nt.  of 
the  calorific  power  of  a  fuel  when  applied  to  experiments  made 
under  the  conditions  just  described. 

ERRORS  MADE  IN  READING  THE  THERMOMETER. 

An  error  of  o°.02  may  be  made  in  reading  the  thermometer 
used  in  our  calorimeter  by  not  having  the  line  of  sight  at  right- 
angles  to  the  axis  of  the  stem  of  the  thermometer.  This  error 
is  caused  by  the  refractive  action  of  the  glass  of  the  stem.  If 
an  observer  should  read  the  lower  temperature  too  low  by  0°.02 
and  the  higher  temperature  too  high  by  o'^.02  (which  is  the 
likely  direction  of  these  errors),  he  would  have  made  an  error  of 
0°.04.  This  error  is  an  extreme  case,  and  is  given  to  show  what 
the  error  might  amount  to  with  a  careless  and  unskilful  ob- 
server. This  error  of  o°.04  would  give  1.5  per  cent,  in  excess 
of  the  real  calorific  power  of  a  coal. 

To  prevent  errors  in  reading  the  thermometer,  I  have  de- 
vised a  simple  optical  arrangement  which  not  only  brings  the 
line  of  sight  at  right-angles  to  the  top  of  the  column  of  mer- 
cury, but,  also,  magnifies  the  divisions  of  the  thermometer  and 
thus  renders  more  accurate  the  estimation  of  the  fractions  of 
the  smallest  divisions  on  the  stem. 

In  the  figure,  L  is  a  lens  which  forms  part  of  a  watch- 
maker's eye-glass,  and  is  mounted  in  a  tube  of  such  length 
that  by  pushing  in  or   pulling  out  the  eye-glass  the  mercury. 
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of  the  thermometer  at  T,  is  brouy^ht  in  the  focus  of  distinct 
vision.     The  tube  has  two  Vs  cut  out  of  its  end  so  that  when 


the  thermometer  is  in  these  Vs  (as  shown  in  the  figure)  the 
stem  of  the  thermometer  must  be  at  right-angles  to  the  axis  of 
the  tube  carrying  the  lens.  To  get  the  line  of  sight,  also,  in  the 
axis  of  the  tube  and  perpendicular  to  the  column  of  mercury,  we 
have  merely  to  bring  the  disk  of  the  lens  ( which  is  distinctly 
seen  by  the  eye  placed  beyond  the  eye-piece,  as  at  E)  to  be 
concentric  with  the  circular  opening  in  the  diaphragm,  D.  In 
the  centre  of  the  opening  in  this  diaphragm  is  the  top  of  the 
mercurial  column.  Thus  errors  in  reading  the  thermometer  are 
avoided.  Such  a  simple  and  inexpensive  instrument  I  should 
think  would  be  of  service  to  engineers  in  reading  thermometers. 
The  diameter  of  the  lens  in  the  instrument  used  by  me  is  2.5 
cms.,  and  the  diameter  of  the  circular  opening  in  the  diaphragm 
is  1  cm.  The  instrument  is  shown  in  the  figure  of  the  actual 
size. 

ERRORS  CAUSED  BY  THE  MERCURY  THERMOMETER  ALWAYS    GIVING 

TEMPERATURES  WHICH  ARE  MORE  AND  MORE  IN  EXCESS 

OF  THOSE  GIVEN  BY  THE  AIR  THERMOMETER  AS 

THE  TEMPERATURE  RISES  FROM  O"  tO  45". 

The  correct  temperatures  of  the  calorimeter  are  those  given 
by  an  air  thermometer.  Those  given  by  the  mercury  thermom- 
eter are  not  correct.  If  the  mercury  thermometer  gives  the 
exact  temperature  at  o''  and  at  loo'^  and  each  degree  gives  ^\^ 
of  the  apparent  expansion  of  the  mercury  between  o°  and  loo^, 
yet  the  thermometer,  though  correct  as  a  mercury  thermometer 
is  defined,  does  not,  when  compared  with  the  air  thermometer. 
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give  correctly  the  degrees  of  temperature  from  readings  on  the 
scale  between  o°  and  ioo°. 

Taking  the  average  +  departures  from  the  air  thermometer 
of  three  of  Baudin's  thermometers,  I  projected  them  in  a  curve 
from  which  we  obtained  the  following  comparisons  showing  the 
average  excess  of  the  readings  of  the  mercurial  thermometers 
when  compared  with  the  air  thermometer. 

Temp,  by  Air  Then      Error  of  Mercury  Ther.    Peadffi^tl'rc'!.!!^'^^^^^ 


o''  0°.000 


14° 

-10° 

=  4°. 040 

i6 

—  12 

=  4°036 

i8 

-  14 

=  4°033 

20 

-i6 

=  4°. 030 

22 

-i8 

=  4°. 028 

24 

—  20 

=  4°.02S 

26 

—  22 

=  4°-023 

28 

-24 

=  4°. 022 

30 

-26 

=  4°. 022 

10  +o'*.ii8 

12  +o°.i40 

14  +o°.i58 

16  +o°.i76 

18  +o°.i9i 

20  -fo°.2o6 

22  -fO°.219 

24  -fO°.23I 

26  -fO°.242 

28  +o°.253 

30  +o°.264 

Mercury  thermometers  give  temperatures  always  in  excess 
of  those  given  by  the  air  thermometer.  There  is  no  recorded 
case  of  a  mercury  thermometer  giving  temperatures  low^er  than 
those  given  by  the  air  thermometer.  These  differences  in  the 
temperatures  givx^n  by  the  thermometers  increase  from  0°  to  45° 
then  gradually  decrease  to  ioo*\  Some  authors  state  that  this 
difference  may  amount  to  o'\5  at  45'  or  50''.  The  differences 
in  the  readings  of  the  air  and  mercury  thermometers  depend  on 
the  kind  of  glass  forming  the  mercury  thermometer,  on  whether 
the  glass  is  annealed  or  not,  and  even  on  the  mdnner  in  which 
the  thermometer  has  been  worked  under  blow-pipe  flame.  The 
differences  of  readings  between  the  two  thermometers  do  not 
remain  constant,  and  arc  changed  by  exposing  the  mercury  ther- 
mometer to  a  high  temperature.  However,  if  the  thermometer 
used  in  the  calorimeter  is  never  heated  but  through  the  range 
of  the  atmospheric  temperatures  of  a  laboratory,  and  the  ther- 
mometer, as  arc  those  made  by  Baudin,  has  been  thoroughly  an- 
nealed, the  correction  by  comparison  with  the  air  thermometer 
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will  remain  sufficiently  constant  not  to  introduce  errors  in  com- 
putations of  the  calorific  power  of  fuels.  This  will  be  more 
likely  if  the  thermometer  has  been  made  several  years  before  it 
is  compared  with  the  air  thermometer. 

To  ascertain  the  magnitude  of  the  errors  in  calorimctry 
caused  by  the  readings  of  the  mercurial  thermometer  giving  too 
high  temperatures,  we  must  remember  that  the  rise  of  tempera- 
ture of  the  calorimeter  is  obtained  by  differences  of  readings  of 
the  thormometer.  If  the  lower  and  higher  readings  w^erc  af- 
fected with  the  same  error  the  differences  would  be  correct. 
But  this  is  not  so,  as  is  seen  in  the  table  we  have  given. 

Suppose  that  the  calorimeter  rises 4°,  from  16'^  1020"^.  The 
error  in  the  16°  reading  of  the  mercury  thermometer  is  0*^.176 
and  in  the  20°  reading  the  error  is  o".2o6,  and  o''.2o6  oT A'jd 
=  0°.03  and  +  0^.03  equals  an  excess  of  85.74  calories  if  we 
have  2858  grams  for  water  in  the  calorimeter  +  equivalent  of 
calorimeter  in  water.  In  other  words  we  are  .75  of  one  per 
cent,  high  in  the  determination  of  the  calorific  power  of  a  com- 
bustible giving  2858  X  4  =  1 1432  calories. 

In  the  case  of  the  combustion  of  a  coal  giving  8000  calories 
the  rise  of  the  temperature  of  the  calorimeter,  is,  say  from  16° 
to  18*^.8,  or  2''.8.     The  difference  in  the  errors  of  the  readings 
i8°.8and  16*"  iso°.i97  -  0°.i76  =  o''.02i.     This  difference  gives 
60  calories,  or  .75  of  one  per  cent,  too  much  in  the  determina- 
tion of  the  calorific  power  of  the  coal. 

It  is  evident  from  this  discussion  that  the  determinations  of 
calorific  powers  of  fuels  arc  always  too  high  if  the  rise  of  tem- 
perature of  the  calorimeter  is  measured  by  a  mercury  thermom- 
eter, the  readings  of  which  have  not  been  reduced  to  those  of 
tho  air  thermometer.     In  our  examples  we  have  taken  the  errors 
^*      the  average  readings  of  three   of   Baudin's  thermometers. 
'-hc!  errors  may  be  greater  or  smaller  than  these  according  to 
thc!   thermometer  used.     With  a  thermometer  made  by  Geiss- 
^^»  the  errors  in  the  readings  of  the  initial   and  final  tempcra- 
tur^s  of  the    calorimeter   give  an  error  of  2  per  cent,  in    the 
^^termination  of  the  calorific  power  of  a  fuel.     But  whatever 
^*^^    magnitude  of  these  errors  made  by  using  a  mercury  thcr- 
^c>meter  which,  as  temperature  on  a  mercury  thermometer  is 
^fincd,  may  be  exact,  but,  when  compared  with  the  readings  of 
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an  air   thermometer,   may  be  quite  erroneous,  they   certainly 
should  be  known  and  allowed  for  in  all  calorimetric  work  which. 

purports  to  be  accurate.     A  formula,  d  =   -         t  ( lOO — t),  hai 


been  given  by  Broscha,  by  which  the  errors  of  the  mercury  ther 

mometer  can  be  computed  if  we  only  know  the  maximum  de 

parture  of  the  mercury  from  the  air  thermometer.     In  this  for 

mula  d  =  departure  of  mercury  thermometer  from  air  thermom^ 

eter  at  t  temperature,  and  D  =  maximum  departure  of  mercury=* 

thermometer  from  air  thermometer,  which  Broscha  places  al 
50°,  instead  of  at  45°  which  latter  is  really  the  temperature  at 
which  the  maximum  difference  exists. 

Computing  by  this  formula  the  temperatures  on  a  Baudii 
thermometer  whose  maximum  departure  from  the  air  thermom 
eter  is  o''.34  at  45^,  we  obtain  for  16°  and  20°,  16°.  183  an< 
20.217,  giving  a  difference  of  4°. 034.  The  real  readings  of  thi 
Baudin  thermometer,  reduced  to  those  of  the  air  thermometei 
are  16°.  176  and  20^.206,  giving  a  difference  of  4°.030.  The  dii 
ference  of  the  differences  amounting  to  only  o°.004. 

ERRORS   ARISING  FROM  A  PORTION  OF  THE    MERCURY  IN  THE   STE  :^ 
OF  THE  THERMOMETER  HEING  ABOVE  THE  WATER 

IN    T}IE    CALORIMETER. 

The   mercurv  in  the   stem  which  is  above  the  level  of  tl"^        ^ 
water  in  the  calorimeter,  at  the  initial  temperature,  is  not  heater- 
when  the  mercury  in  the  bulb  and  stem  of  the  thermometer  b 
low  the  surface  of  the  water  is  heated;  therefore  the  thermom 
ter  must  read  a  lower  temperature  than   that  which  is  the  re 
temperature  of  the  calorimeter. 

The  correction  for  this  error  is  found  as  follows : 

Let  /  =  the  temperature  of  the  air,  which  we  will  suppo^*— 

is  the  same  as  the  initial  temperature  of  the  water  in  calorimeter^ 
T  =  final  temperature  of  water  in  the  calorimeter. 
//  =  number  of  degrees   in  the  stem  of  the  thermometer 

above  the  water  in  the  calorimeter. 

Then  from  the  known  coefficient  of  apparent  expansion  of 

mercury  in  glass,  viz.,  ,ij-,\, ,!»  ^^^^  correction  to  be  applied  to  the 

ding  is  +  -  ^ 70  ^^f  *^ degree  if  //  =  6  and  T  —  /  =  4. 


^ 


Bcrthelot- Mahler  Calorimeter,  145 

This  correction  is  seen  to  be  small.  It  is  necessarily  so  in  the 
thermometer  used,  because  7^—  /  never  exceeds  4°  and  the  scale 
of  the  thermometer  does  not  exceed  10°;  therefore  ;/  does  not 
exceed  6  units  or,  at  most,  7  units.  An  error  of  ^^^  of  a  degree 
will  give  a  deficiency  of  .15  of  one  per  cent,  in  the  determina- 
tion of  the  calorific  power  of  a  coal  giving  8000  calories. 

ERRORS    RESULTING    FROM    PLACING    IN    THE    CALORIMETER    MEAS- 
URED,   INSTEAD  OF  WEIGHED,  WATER  AND  FROM  TAKING 
UNITY   AS   THE   SPECIFIC    HEAT   OF   WATER    AT 
ALL  TEMPERATURES  BETWEEN  0°  AND  30°.^ 

Berthelot,  in  his  Traite  Pratique  dc  Calorimetric  Chimique, 
says:  "The  calorie  varies  but  by  an  extremely  small  quantity 
when  we  use  water  at  a  higher  temperature  than  o'^,  say  at  15" 
or  20°  ;  indeed,  it  is  usual  to  regard  as  constant  the  quantity  of 
heat  absorbed  for  each  degree  comprised  in  that  range  of  tem- 
perature, which  fact  simplifies  the  calculations.  We  diminish 
the  small  errors  thus  made  by  using  a  cubic  centimetre  of  water 
instead  of  a  gramme;  the  weight  of  a  cubic  centimetre  of  water 
diminishing  as  the  temperature  rises  above  4°,  while  the  specific 
heat  gradually  increases.  By  using  this  metliod  (of  getting  the 
weight  of  water  in  a  calorimeter)  the  error  made  in  the  computa- 
tion is  less  than  the  experimental  errors."  This  statement  is 
erroneous.  The  specific  heat  of  water  at  30°  is  one  per  cent. 
/ess  than  at  5°,  and  i  per  cent,  is  not  "an  extremely  small  quan- 
tity." Also  the  specific  heat  of  water  does  not  "gradually  in- 
crease" as  its  temperature  rises  from  4°  to  20'',  but  xtdccreiiscs, 
^o  the  balance  of  errors  which  Hertholot  assumes  cannot  take 
place. 

Rowland^  has  conclusively  shown,  in  his  experiments  on 
the  mechanical  equivalent  of  Heat,  that  the  specific  heat  of 
y\r3i\cr  decreases  as  the  temperature  rises  from  5  \  reachinj^  a  mini- 


1  In  this  discussion  we  suppose  that  the  temperatures  given  by  the  ther- 
^Tiometer  are  correct.  That  is,  that  the  readings  of  the  thermometer  are 
reduced  to  those  given  by  the  air  thermometer. 

20n  the  Mechanical  Equivalent  of  Heat,  by  Henry  A.  Rowland.  Proc. 
of  the  Am.  Acad,  of  Arts  and  Sciences,  Hoston,  1880.  See  also  A.  Hartoli 
and  E.  Stracciati,  Bull.  mens,  dell'  Ace.  Gioenia,  April,  189 1,  who  have 
Confirmed  Rowland's  results. 
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mum  value  at  30°,  when  the  specific  heat  is  one  per  cent,  less 
than  5°.  The  following^  table  is  computed  from  Rowland's  de- 
terminations of  the  mechanical  equivalent  of  heat  for  various 
temperatures  of  water : 

Temperature.  Specific  Heat  of  Water. 

5'"  1. 00000 

lo''  -99697 

15"  .99418 

20 ""  .99209 

25°  .99069 

30''  .99022 

To  determine  the  magnitude  of  the  error  caused  by  usinj^ 
measured,  instead  of  weighed,  water  in  the  calorimeter,  we  will 
assume  that  a  graduated  vessel  of  glass  holds  2400  cubic  centi- 
metres of  water  at  4^.  At  15"  the  capacity  of  the  glass  vessel 
has  expanded  to  2400.9  cubic  centimetres,  and  2400.9  cubic 
centimeters  of  water  at  15°  will  weigh  2398.84  grammes.  Now 
the  specific  heat  of  water  at  15*"  is  .99418,  and  2398.8  X  .99418  = 
2384 . 8.  So  that,  if  we  assume  that  the  decreased  weight  of  meas- 
ured water  is  corrected  by  its  ///rnv/j^v/ specific  heat,  we  have  made 
an  error  of  2400  —  2384.8  =  15.2 calories  for  i""  rise  in  the  tem- 
perature of  the  water  in  the  calorimeter. 

The  water  in  our  experiment  in  the  determination  of  8000  ca- 
lories as  the  calorific  power  of  a  coal  rose  from  15"  to  17.8. 
Taking  .9935  as  the  mean  specific  heat  of  water  between  15*^ 
and  17"^. 8  we  have  2398.8  X  .9935  =  2383  and  2400—  2383  = 
17,  and  17  X  2.8  =  47.5.  That  is,  we  have  an  error  of  47.5  calor- 
ies or  .59  of  one  per  cent,  in  the  determination  of  the  calorific 
power  of  the  coal. 

The  above  example  is,  however,  an  extreme  case,  for  the 
graduated  glass  vessel  may  as  well  be  gauged  to  hold  2400 
grammes  at  15^;  that  is,  the  weight  of  water  in  the  calorimeter 
is  correct.  Now,  the  error  in  taking  i. 00000,  instead  of  .9935, 
as  the  specific  heat  of  water  in  our  experiment  on  the  coal  will 
be  2400  —  (2400  X  .9935)  =  16,  and  16  x  2.8  =  44.8  calories, 
and  we  have  a  deficiency  in  the  determination  of  the  calorific 
power  of  the  coal  of  .56  of  one  per  cent. 

That  the  specific  heat  of  water  tlecreases  with  the  rise  of 
temperature  from   5''  to   30^  cannot  be  doubted,  and   it  is  for 
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physicists  and  engineers  to  take  it  into  consideration  in  their 
computations.  The  difference  of  the  result  computed  by  taking 
the  specific  heat  of  water  as  unity  at  all  temperatures  and  by 
taking  the  correct  specific  heat  may  generally,  I  suppose,  be 
neglected  by  engineers,  but  not  by  physicists  and  chemists,  for 
J^  of  a  per  cent,  is  not  to  be  neglected  in  the  precise  work 
required  in  determining,  as  scientific  data,  the  calorific  powers 
of  substances  of  definite  chemical  composition. 

ERROR    CAUSED  BY  EVAPORATION  OF  WATER  IN  THE  CALORIMETER. 

The  following  experiment  shows  the  magnitude  of  the  cor- 
rection for  evaporation.  The  temperature  of  the  air  and  of  the 
2400  grams  of  water  in  the  calorimeter  was  i6'\  The  barom- 
eter stood  at  763.5.  The  air  was  quite  dry,  the  relative  humid- 
ity being  only  41.  The  rate  of  evaporation  of  the  water  was 
0.008  gram  per  minute.  If  an  experiment  lasts  ten  minutes  the 
water  in  that  time  has  diminished  0.08  gram,  which  equals  a  de- 
ficiency in  the  determination  of  the  calorific  power  of  a  coal  of 
0.08  X  2.8  =  .224  of  a  calorie,  or,  of  .0027  of  one  per  cent.;  a 
quantity  too  minute  to  enter  into  the  computation. 


MECHANICAL    INTEGRATORS. 
^^        by  prof.  j.  burkitt  webb. 
Amsler's  Planimeter. 
( Continued. ) 

PLUS   AND    MINUS    AREAS. 

When  all  the  infinitesimal  elements  composmg  an  area 
have  the  same  sign,  the  area  has  of  course  that  sign;  and  when 
some  of  them  are  plus  and  some  minus  (see  the  Table  of  Signs, 
page  40  ),  the  predominating  sign  belongs  to  the  whole  area. 
Usually  it  is  only  the  numerical  value  of  an  area  that  is  wanted, 
in  which  case  no  attention  is  paid  to  the  sign,  should  it  be 
minus.  In  general,  however,  it  is  better  to  use  the  instrument 
so  that  its  results  are  plus,  /.  c.y  so  that  R^  is  greater  than  ^^ 
unless  it  should  prove  troublesome  to  do  so  on  account  of  the 
circumference  of  the  Zero-Circle  passing  more  or  less  centrally 
through  the  areas. 

The  signs  of  the  elements  of  an  area  may  easily  be  deter- 
mined by  inspection  in  accordance  with  the  Table  of  Signs,  as 
has  been  shown,  but  the  sign  of  the  whole  area  can  in  man>^ 
cases  be  found  only  by  an  actual  integration,  mechanical  or 
otherwise,  the  plus  and  minus  elements  being  too  nearly  bal- 
anced. It  must,  therefore,  be  kept  distinctly  in  mind  that  the 
question  of  plus  and  minus  areas  is  in  general  another  thing" 
from  that  of  plus  and  minus  elements. 

There  is,  however,  quite  independent  of  the  planimeter,  a 
mathematical  method  of  determining  the  sign  of  an  area.  The 
boundary  of  every  area  must  be  passed  over  in  one  of  two  di- 
rections, and,  the  direction  having  been  chosen,  that  of  passing 
over  a  part  of  every  element  is  fixed,  and  therefore  the  proper 
direction  for  making  the  circuit  of  every  element,  and  therefore 
n,  as  will  be  seen,  is  known.  The  rule  for  determining 
^n  is  simply  that  in  going  round  the  boundary  an  area 
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lying  on  the  right  hand  is  plus  and  one  on  the  left  minus,  and 
it  will  be  found  that  this  rule  applies  equally  to  the  elements 
and  to  the  various  portions  of  the  whole  area.  The  boundary 
may  indeed  be  supposed  to  be  a  fence,  ready-made,  with  the 
posts  fast  to  the  plus  side  of  it,  capable  of  being  set  up  in  any 
shape,  even  such  as  the  numeral  8,  the  crossing  of  the  fence  by 
itself  leading  to  no  difficulties  (see  F'ig.  32).  The  effect  and 
elegance  of  this  mathematical  view  of  a  boundary  will  appear 
in  considering  various  Forms  of  Area. 


Figure  27. 


Figure  28. 

FORMS    OF   AREA. 


Figure  29. 


A  variety  of  areas  will  now  be  examined  having  bounda- 
ries of  different  characters,  the  circuit  of  which  is  supposed  to 
be  made  by  the  Stylus  in  the  direction  indicated  by  the  arrow- 
heads, and  what  will  be  said  is  applicable  also  to  algebraic  in- 
tegration. The  planimeter  indicated  in  Fig.  27,  by  the  dotted 
lines  C  V^,  B^,  k^  only,  will  be  supposed  to  have  c  =  2b=^a  —  r^^ 
and  to  be  an  ideal  instrument,  as  has  been  in  some  previous 
ca.ses  virtually  assumed,  so  constructed,  or  rather  conceived  of, 
as  to  allow  A  to  approach  within  an  infinitesimal  distance  of  C 
and  p  to  increase  without  limit. 

Fig.  27  shows  an  area  bounded  by  a  curve  lying  entirely 
outside  of  the  o-Circle.  The  differential  areas  are  all  as  shown 
and  are  plus  under  Case  I.  of  the  table,  and  the  area  of  the 
curve  evidently  is,  //  being  equal  to  unity, 

R  being  the  area  outside  of  the  o-Circlc  only  and  being  plus. 
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Fig.  28  shows  an  area  entirely  within  the  oCircle.  Here 
all  the  elements  are  as  shown,  and  minus  under  Case  III.,  con- 
sequently we  have  the  area 

R  being  the  area  between  the  o-Circle  and  curve,  and  being 
now  minus,  as  all  its  elements  are. 

Both  of  these  areas  belong  to  the  same  normal  form,  char- 
acterized by  /!  =  /,  and  it  should  be  noted  that,  inasmuch  as  the 
centre  C  lies  within  it,  the  second  area  virtually  includes  the 
O-Circle,  as  the  first  actually  does,  although,  apparently,  the 
area  lies  within  the  circle. 

By  an  elegant  mathematical  device  both  of  these  areas 
may  be  changed  to  another  normal  form,  characterized  by  /!  =  «? 
and  having  the  centre  of  the  o-Circle,  and  therefore  virtually 
the  circle,  outside.  This  change  removes  A^  from  the  formula 
and  leaves,  therefore,  A-R, 

To  effect  this  change  it  is  only  necessary  to  pierce  the 
area.  Fig.  27  or  28,  with  an  infinitesimal  circular  hole  concentric 
with  C,  and  slit  open  the  irregular  annulus  thus  formed  along 
any  line,  as  CA.  This  does  not  alter  the  area,  though  it  changes 
the  boundary  in  such  a  way  that  C  is  no  longer  within  it.  If 
now  the  Stylus  be  made  to  follow  the  curve  from  any  point,  as 
D,  up  and  around  until  the  slit  is  reached,  then  along  the  upper 
side  of  the  same  to  the  infinitcsmal  hole,  then  around  that  and 
back  again  by  the  lower  side  of  the  slit  to  the  original  curve 
and  down  and  around  this  to  the  starting-point,  the  reading  R 
will  give  the  area  without  the  addition  of  A^^. 

The  reason  that  the  Zero-Circle  has  thus  disappeared  from 
the  formula  is  that,  during  the  revolution  of  360 ""  in  the  negative 
direction  around  the  infinitesimal  hole  at  the  centre,  360°  of 
dA^s  has  been  included  in  the  integration,  each  dA^  being 
plus  under  Case  IV.,  so  that  the  Zero-Circle  has  been  added  by 
the  integration  itself.  Of  course  an  actual  planimeter  might  not 
'  >se   entirely,  so  that  the  Stylus  could    follow    the    central 
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circle,  but  one  might  be  made  to  allow  of  this,  and  thus  make 
the  device  capable  of  a  practical  application. 

Fig.  29  shows  an  area,  like  Fig.  6,  partly  within  and  partly 
without  the  Zero-Circle,  but  here  the  boundary  has  been  inten- 
tionally drawn  through  C,  according  to  the  ordinary  way  of  stat- 
ing the  fact.  In  reality  the  line  must  lie  one  side  or  the  other 
of  C,  and  the  same  result  follows  from  the  exclusion  of  C  as 
before,  namely: 
When  the  line  passes  to  the  left  of  C, 

and  when  it  passes  to  the  right. 

In  the  figure  C  is,  as  usual,  the  centre,  while  E  and  F  are 
the  points  where  the  boundary  meets  an  infinitesimal  circle. 
It  is  not  necessary  to  have  this  circle,  but  it  simplifies  the  con- 
ception to  introduce  it  and  to  suppose  that  the  dotted  tangent 
to  the  boundary  cuts  it  into  two  semi-circles,  EF  and  FE,  either 
of  which  may  be  considered  to  be  a  part  of  the  boundary. 

In  the  first  case,  start  at  A,  and  go  to  N,  integrating  plus 
elements  under  Case  I.;  then  from  N  to  E,  still  along  the  boun- 
dary, around  the  left-hand  differential  semi-circle  EF  from  E  to 
F,  and  along  the  boundary  again  from  F  to  M,  with  elements 
all  minus  under  Case  III.;  and  finally  finish  along  the  boun- 
dary from  M  to  A,  with  plus  elements.  These  minus  elements 
subtracted  from  the  Zero-Circle,  leave  that  portion  of  it  which 
is  inside  the  boundary,  so  that  the  first  of  the  above  formulae  is 
evidently  correct  for  this  case. 

If,  instead  of  passing  around  to  the  left  from  E  to  F,  the 
right-hand  semi-circle  be  taken  from  E  to  F,  then,  instead  of 
the  180°  of  minus  elements  under  Case  III.,  we  shall  have  plus 
Elements  under  Case  IV.  Evidently,  then,  the  omission  of  the 
half-circle  of  minus  elements  and  the  introduction  of  the  half- 
circle  of  plus  elements  introduces  thco-Circle  into  the  Reading 
itself,  so  that  the  second  of  the  above  formuhe  is  applicable. 
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The  shaded  elementary  areas  in  Fig.  29  illustrate  the 
thus;  that  at  A  is  plus,  that  at  N  minus,  while  of  those  which 
extend  from  the  o-Circle  to  the  centre,  that  at  the  left  is  minus 
and  that  at  the  right  plus. 

In  Fig.  30  a  further  proof  of  the  formula  for  A^  viz.: 

is  as  follows:  When  C  lies  outside  the  area, 

MANDM  =  MANCM-MDNCM  ; 
but  MANCM  =  MZNCM  +  MANZM, 

and  MDNCM  =  MZNCM  -MZNDM. 

Subtracting,  the  sector  of  the  Zero-Circle  disappears,  and 

MANDM  =  MANZM  +  MZNDM. 
The  first  of  these  areas  is  plus  under  Case  I.  and  the  second  un- 
der Case  IV.,  so  that  the  instrument  must  register  their  sum, 
and  no  addition  of  the  Zero-Circle  be  necessary. 

Fig.  31  shows  an  area  similar  in  character  and  illustrating 
cases  I.,  II.,  and  IV.  of  the  Table  of  Signs  of  the  Elements. 


FiGURK  30.  Figure  31. 

CR0SS?:D    liOUNDARIES. 

A  full  discussion  of  the  forms  assumed  by  areas  leads  to 
the  consideration  of  those  whose  boundaries  cross  themselves 
one  or  more  times,  as  seen  in  T'igures  32  to  35. 

Considering  T'igure  32.  without  at  first  any  reference  to  the 

planimctcr,  it  is  seen  that  the  partial  area  C\  is  plus,  inasmuch* 

as  it  lies  on  the  right-hand  side  of  the  boundary,  or  on  the  post 

*he  fence.     The  other  portion  C,  lies  on  the  left-hand, 

le  of  the  fence,  and  is  therefore  minus.     To  complete 
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the  notation,  area  neither  plus  nor  minus,  as  at  C,  may  be  called 
jieutral.  Now  it  must  be  plain  that,  if  C^  is  numerically  equal  to 
C|  ,  the  whole  area  equals  zero. 

The  same  result  will  be  obtained  if  the  area  be  found  by 
integrating  according  to  any  system  of  co-ordinates.  Thus  sup- 
pose that,  with  the  Needle-Point  at  C  ,  the  Stylus  makes  the 
circuit  in  the  direction  of  the  arrow-head;  the  result  must  be 
zero,  as  the  second  loop  will  be  minus.  •  With  the  Needle-Point 
at  C^  or  Cg  the  same  result  is  obtained,  the  area  A^ ,  however, 
coming  into  the  formula  already  given,  viz.; 

A  =  7tA^  +  R 
^^ith  n  —  I  for  Cj   and  n  =  —  i  for  Cg  ,  because  in  the  latter 
case  ^finishes  with  its  initial  value  minus  27t .     The  formulae 
for  the  three  cases  will  therefore  be 

A^R 
A  ^  A,  +  R 
A  =  -A,  +  R 
Of  course  an  area  can  be  made  of  apparently  the  same  shape 
^-s  this  figure  without  the  fence  crossing  itself,  but  the  Cg  por- 
tion would  then  be  on  the  post  side  of  the  fence  — an  entirely 
<^ifferent   case.     There   would   then  be  a  differential   passage 
t>citween  the  two  corners  at  the  middle  of  the  figure  eight. 

To  form  a  clear  idea  of  the  essential  continuity  of  this  sur- 
face with  the  crossed  boundary,  imagine  a  thin  material  film 
stretched   upon  the   latter,  like  a  soap  film  upon  a  bent  and 
Crossed  wire;  then  an  insect  placed  at  C^  might  crawl  to  C^  , 
l>ut  it  would  arrive  there  on  the  under  side  of  the  film,  because 
^t  the  middle  of  the  figure  it  would  crawl  over  a  differential 
'Warped  surface  with  a  twist  of   180'.     To  get  from  C^  to  C^ 
requires  the  crossing   of  the   fence  twice    from  the  i)ost  side 
over.     One  such  crossing  from  inside  to  outside,  which  will  be 
called  a  minus  or 'negative  crossing,  leads   from  plus  to  neutral 
area,  while  the  second  crossing  leads  from  neutral  into  minus 
area.     These  crossings  may  be  made  separately  anywhere,  or 
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they  itiay  both  be  made  at  once  at  the  middle  of  the  figure.  A 
plus  area  may  be  regarded  as  a  part  of  the  surface  which  has 
been  included  by  the  fence,  while  a  minus  one  has,  on  the  con- 
trary, been  expressly  excluded  thereby. 


Figure  32. 


Neutral 


Figure  33. 


Figure  34. 


Figure  35.  Figure  36. 

Figure  33  shows  an  area  having  both  a  singly-  and  a  doubly- 
included  portion,  the  latter  having  been  fenced  in  twice,  so  that 
to  reach  it  from  neutral  area  requires  two  plus  crossings.  An 
integration  of  such  an  area  gives  a  result  in  which  the  doubly- 
included  part  is  counted  twice,  and  a  material  film  stretched  011 
the  boundary  would  also  be  double  throughout  Cg. 

In  using  the  planimeter  on  this  figure  the  Needle-Point  may 
again  be  put  in  three  places,  C,  C,  and  Co,  with  the  result  that 
the  formula  for  the  area  will  have  //  equal  to  o,  /  and  .?,  re- 
spectively, thus  ; 

A  =  A^ 

A  =A,  +  R 

A  =  2A^+  K 

In  the  latter  case  it  will  be  seen  that  the  final  value  of  0  is 
^Tt  greater  than  its  initial  value. 

I^'igure   34  shows  a  combination  of  singly-  and  doubly-in- 
cluded with  an  included-excludcd,  and  therefore  neutral,  area. 
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The  four  positions  for  the  Needle- Point  ^ivc  //  equal  to  o,  /  and 
2,  according  to  the  subscripts  of  C . 

Figure  35  shows  an  included,  excluded  and  doubly-excluded 
area.  Also,  //  equals  o,  /,  —  /  and  —  <?,  respectively,  for  the  four 
Needle-Point  positions  shown. 

In  these  figures  it  will  be  seen  that  a  plus  fence  crossing 
raises  the  order  of  an  area,  that  is,  changes  it  from  minus  to 
neutral,  from  neutral  to  plus,  from  plus  to  double-plus,  etc., 
while  a  minus  crossing  lowers  it. 

DISCONTINUOUS    BOUNDARIES. 

An  area  is  sometimes  a  part  of  the  surface  lying  between 
two  or  more  separate  curves,  in  which  case,  inasmuch  as  the 
area  is  a  single  concept,  it  is  proper  to  unite  the  curves  in  a  con- 
ception of  a  single  boundary,  though  a  discontinuous  one.  This 
is  the  reverse  of  the  cases  in  which  the  boundary  was  continuous 
a.nd  the  area  separated  into  parts  by  the  crossing  thereof. 

Figure  36  shows  such  an  area  lying  between  an  exterior 
crlosed  curve  and  three  interior  ones.     Other  more  complicated 
f^orms  might  be  shown,  but  this  will  suffice  to  illustrate  a  method 
o  £  treating  such  cases.     Imagine  the  area  cut  out  of  a  piece  of 
p>sper  and  the  three  holes  to  be  cut  out  of  it.     Now  by  cutting 
t:i^e  three  slits,  represented  by  the  dotted  lines,  from  the  out- 
si  de  to  the  holes,  the  boundary  will  be  made  continuous  without 
^►1  taring  the  area;  the  Stylus  may  then  be  passed  around  it  with 
th^  Needle- Point  in  any  suitable  place.     For  C,  // equals  zero, 
^-rid  for  Cj   it  is   unity.     It   is  evident  that,  in  going  over  the 
t^oundary,  the  Stylus  goes  over  the  two  sides  of  a  cut  in  oppo- 
^ite  directions,  so  that  they  have  no  effect  upon  the  Reading. 

Of  course  the  area  can  also  be  obtained  by  measuring  the 
*^c>les  separately  and  subtracting  their  sum  from  the  large  area, 
^^t  this  is,  theoretically,  not  so  elegant  a  method. 

All  the  above  laws  as  to  areas  hold  also  for  algebraic  inte- 
Si'ation  and  for  calculations  made  by  the  Latitude  \\\\(S.  De- 
parture method  of  Land-Survey ing. 
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CAPACrXY   OF   THE    INSTRUMENT. 

It  has  been  suffgcsted  already  that  a  lengthening- bar  might 
be  used  to  increase  the  value  of  c  and  thus  extend  the  capacity 
of  the  instrument;  for  any  particular  value  of  r,  however,  the 
area;;  measurable  by  the  pianimeter  are  limited  in  a  manner  to 
be  explained. 

An  instrument  only  which  can  be  fully  opened  and  closed 
will  be  considered;  the  capacity  of  an  actual  pianimeter,  with  a 
limited  motion  of  the  hinge,  is  evidently  less.  Figures  37  and 
38  arc  drawn,  the  former  for  excluded  and  the  latter  for  included 
C;  in  the  latter  the  right-hand  half  has  c  greater,  and  the  left- 
hand,  c  less  than  it,  while  in  the  former  this  distinction  is  made 


■  E3S. 

by  showing  two  pianimeter  positions  with  c  less  than  a.     In 
these  figures  c  is  either  four  times  i7.  or  <?  four  times  c. 
Cos,-  I.      c>  a. 

When  C  lies  within  the  boundary  the  greatest  measurable 
area  is  evidently  that  of  a  circle  described  with  the  instrument 
open,  and  therefore  with  the  radius  c  -f-  a,  and  the  smallest  is 
described  with  the  instrument  closed  and  the  radius  c  —  a. 

With  C  excluded,  the  greatest  area  is  that  of  a  curved  strip 
lying  between  the  .same  two  circles,  so  that  no  circle  larger  than 
one  with  radius  a  can  be  measured.     The  smallest  area  is  zero. 

The  capacity  of  such  an  instrument  is  not  only  limited, 
therefore,  bj'  the  radius  r  -1-  a,  but  it  may  be  discontinuous;  for 
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it  will  measure  circles  only  whose  radii  lie  between  o  and  /z,  or 
iDetween  c  —  a  and  r  +  /?,  so  that  if 

c  —  a>  a 
^hat  is,  c  ^  2a 

the  series  is  discofttinuouSj  and  circles  cannot  be  measured  whose 
K"adii  lie  between  a  and  c  —  a. 

It  is  to  be  noted  that  the  adjustable  planimeter,  shown  in 
igure  2,  has  one  setting  with  a  equal  to  two-and-a-half  inches 
nly,  while  c  is  over  six;  for  this  setting  it  is  therefore  not  pos- 
ible  to  measure  circles  whose  diameters  lie  between  five  inches 
nd  seven-and-a-half  inches. 

Case  II.    c  <^  a. 
For  included  C,  by  exchanging  the  values  of  a  and  c ,  the 
=^ame  actual  limits  are  obtained  as  in  the  former  case;  that  is, 
lie  measurable  circles  lie  between  a  —  c  and  a  '\-  c .     For  ex- 
-luded  C,  also,  the  actual  limits  are  the  same,  being  expressed, 
owever,  as  from  zero  to  c. 

The  same  discontinuity  therefore  occurs  for 

a>  2c 
for  c  >  2a, 

It  may  be  remarked  in  Figure  37  that,  in  Case  I.  the  upper 
^emi-circular  end  of  the  curved  strip  is  described  with  the  Ra- 
dius-Bar stationary,  but  that  the  lower  end  is  gone  over  in  the 
different  manner  indicated;  in  Case  II.,  however,  the  instrument 
is  shown  at  both  ends  with  the  Radius-Bar  in  motion.  Any 
^^ther  way  of  making  the  circuit  would  not  return  ft  to  its  initial 
V'alue. 

PECULIAR    CASE. 

From  what  has  been  said  it  appears  that  one-half  of  a  circle 
of  radius  a  may  be  described  with  the  Radius- Bar  stationary, 
t>ut  that  the  other  half  may  not  be  so  gone  over.     It  will  be  in- 
teresting to  notice  the  effect  of  making  the  complete  circuit 
>vith  V  at  the  centre  of  the  circle.     The  planimeter,  of  course, 
Uiust  be  capable. of  unrestricted  motion  of  the  Hinge. 


isa 
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Figure  39  sliou'H  this  case  of  an  area  concentric  with  V, 
when  c  is  f;reatcr  than  n,  and  it  can  be  seen  that  the  planimeter 
when  so  handled,  will  not  fjive  the  correct  value  of  A.  Thus  in 
the  figure  the  wheel  remains  stationary,  so  that  K  is  zero,  while 
A  describes  the  circle  whose  area  is  nu'^.  The  area  A  then  is  not 
Hiven  by  the  formula 

A  =  tiA„  +  A' 
in  which  n  is  zero,  as  previously  explained. 


It  is  to  lie  remarked  that  the  instrument  fails  to  measure 
the  area  not  only  when  the  Stylus  goes  completely  around  the 
circle,  hut  also  that  it  fails  to  measure  the  area  between  the 
Zero-Circle  and  the  curve  when  the  Stylus  j^oes  from  M  to  N,  or 
from  F  to  G.  In  these  three  cases  the  Stylus  finishes  at  its 
initial  distance  from  C,  which  shows  that  it  is  not  enough  that 
it  shall  do  so  but  that  the  true  restriction  is  that  fi  shall  ntiirn 
to  its  initial  value.  If  now  fi  be  returned  to  its  first  value,  A 
generates  negative  area  neutralizing  the  positive  and  leaving  no 
area  described,  so  that  as  w  =  o  the  formula  remains  true. 

The  limited  motion  of  the  Hinge  in  the  ordinary  instrument 
prevents  ft  from  acquiring  its  initial  value  without  returning  to  it, 
but  it  may  let  ;■  do  so  for  ft  equal  to  minus  that  value. 

This  leads  to  an  appreciation  of  the  fact  that  ft  is  only  an 
adjusting  angle  for  the  instrument,  and  that  in  the  measnremcnt 
of  an  area  the  planimeter  should  be  revolved  as  a  whole  about  C, 
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To  measure  this  area  C  is  best  located  inside  of  it,  although 
the  area  may  be  correctly  measured  with  C  outside  by  follow- 
ing the  lower  semi-circle  in  the  manner  already  shown  in  Figure 
37.  Figure  39  shows  the  manner  of  making  the  circuit  more  in 
detail.  Commencing  at  D  the  Stylus  passes  through  M  to  A 
with  V  stationary,  then  through  N  and  H  back  to  D,  while  V 
swings  out  to  Vj,  and  V^  and  back  again  to  V,  so  that  d  as  well 
as  fi  returns  to  its  initial  value. 

Another  way  to  obtain  the  correct  area  is  as  follows:  Let 
the  Stylus  make  the  circuit  D  M  A  N  D  with  V  stationary,  and 
then  follow  the  diameter  from  D  to  A  through  V  and  back  again 
to  D,  while  the  Measuring-Bar  takes  successively  the  positions 
0*23456,  thus  returning  ft,  as  well  as  ^,  to  its  initial  value. 
The  result  thus  obtained  is  somewhat  paradoxical,  inasmuch  as 
the  area  of  the  circle  has  been  measured  by  passing  the  Stylus 
twice  over  its  diameter. 

Fig.  40  shows  the  same  for  c  less  than  a,  with  some  differ- 
ences. As  the  Stylus  follows  the  path  A  N  H  D,  V  swings  out 
through  V^  to  V,,  but  instead  of  then  returning  through  V^,  to  V 
it  makes  the  complete  circuit  around  C  to  V,  thus  increasing  B 
fcy  one  revolution,  so  that  //,  in  the  formula  for  the  area,  ec^uals 
vinity.  Furthermore,  after  the  Stylus  has  made  the  complete 
circuit,  B  is  increased  to  27t  and  (i  returned  to  its  initial  value  by 
passing  the  Stylus  from  D  to  E  and  back  again,  which  is  not 
the  diameter  of  the  circle,  the  numerals  indicating  the  succes- 
sive positions  of  the  Measuring- Bar,  as  before. 

CURVILINEAR    CO-ORDINATE    SYSTEM. 

The  instrument  embodies  also  a  system  of  co-ordinates  en- 
tirely  curvilinear,  to  which  the  above  consuleralions  naturally 
lead,  and  \<Tiich  will  be  useful  in  the  discussion  of  the  Polar 
Tractrix;  thus  all  positions  of  the  Stylus,  for  given  values  of  ii, 
h,  and  c,  may  be  referred  to  the  two  angles  y  and  ft  as  co-or- 
dinates, Y  being  the  angle  which  the  Radius-Bar  makes  with  OX, 
and  ft^  that  between  its  prolongation  and  the  Measuring- Bar. 
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This  system,  with  the  division  of  the  plane  into  elements, 
is  shown  in  Fitjiirc  41  for  b  =  a.     By  usinp,  instead  o(y, 

r«r  =  •/'(i-b'^-Y 
this  co-ordinate  may  be  laid  off  from  0  along  the  Zero-Circle 
as  an  Axis  of  Ordinates,  that  is  to  say,  r^  may  be  considered  as 
the  unit  for  these  measurements. 


FiGURF.  41.  Figure  42. 

The  Axis  of  Abscissas  is  then  a  circle  described  by  the 
Stylus  at  B  through  0,  with  V  stationary,  and  the  plane  is  cut 
up  into  elements  by  a  scries  of  such  circles,  drawn  for  con- 
secutive values  of  Y'  intersected  with  circles  drawn  about  C  for 
consecutive  values  of  /3.     It  m.iy  here  be  better  to  employ 

ill  place  of  /3,  it  bcinj;  measured  as  shown  tii  the  Fifrure,  «/?' 
can  then  be  laid  off  from  0  along  the  Axis  of  Abscissas;  how- 
ever, in  the  Polar  Tractrix  ft  and  fi^  will  still  be  used. 

In  the  Figure,  A|,A  is  an  elementary  strip  of  this  System, 
while  Z  A  is  a  strip  of  the  other  system.  A  comparison  shows 
that  the  smaller  elements  into  which  the  concentric  circles  cut 
the  strips  are  the  same  in  both  systems,  so  that  a  straight  strip 
may  be  transformed  into  a  curved  one  simply  by  sliding  these 
smaller  elements  upon  each  otiier.  In  this  System  also  the 
wheel  measures  the  area  of  a  strip  as  the  Stylus  passes  over  the 
end  of  it,  and,  with  ft  returning  to  its  initial  value,  it  measures 
the  area  between  the  Zero-Circle  and  any  curve,  and  between 
two  arcs  of  circles  about  V  connecting  the  curve  and  circle. 
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Polar  Tractrix. 

The  Zero-Circle  is  the  circle  traced  by  the  Stylus  while  the 
Measuring-Wheel  follows  another  circle  without  revolving. 
Whether  or  not  this  is  the  only  path  in  which  the  Stylus  may 
be  moved,  without  causing  the  wheel  to  revolve,  has  not  been 
considered.  The  problem  may  therefore  be  stated  in  a  more 
general  way,  as  follows: 

Problem. — Required  the  path  of  the  Stylus  of  Affisler's  Plan- 
imeter  when  the  Measuring-Wheel  does  not  revolve. 

GENERAL     ANALYSIS. 

A  consideration  of  the  problem  shows  that  the  real  question 

is  as  to  the  path  of  the  wheel  itself  when  it  docs  not  revolve. 

In  fact,  when  the  wheel  follows  such  a  path,  a  whole  family  of 

curves  may  be  traced  by  the  Stylus  if  all  possible  values  are 

given  to  the  length  a  of  the  Measuring- Bar.     Furthermore,  as 

the  position  of  the  wheel  in  its  own  plane  does  not  affect  its 

motion,  the  problem  may  be  simplified  by  supposing  the  wheel 

to  be  located  at  B,  where  VA  pierces  its  plane.     With  the  wheel 

in  this  normal  position  and  the  Stylus  removed,  the  planimeter 

is  reduced  to  a  simple  form,  in  which  the  wheel   may  be  sup- 

r>osed  to  act  both  as   Measuring- Wheel   and   Stylus,  so  that  a 

^equals  b. 

In  order  that  the  Measuring-Wheel  at  B  may  not  revolve, 
the  necessary  and  sufficient  condition  is  that  it  shall  move  al- 
ways in  the  line  VB,  that  is,  in  the  direction  of  its  axis.  The 
lieel  is  therefore,  nothing  more  than  a  heavy  body  dragged 
«^long  after  V,  and  the  curve  which  it  describes  is  a  tractrix, 
'^"^^liich,  as  V  follows  a  circle,  may  be  called  a  Polar  Tractrix. 

This  curve  might  be  traced  on  the  drawing-board  by  such 

^   planimeter,  but  with  a  necessarily  slow  motion,  in  order  that 

^^le  curve  may  not  be  disturbed  by  centrifugal   force.     It  is, 

however,  better  to  mount  a  printing-wheel  or  a  drawing-pen  at 

^.  with  its  plane  passing  exactly  through  V,  or  a  conical  metallic 

point  may  be  used  with  prepared  paper. 
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MATIIKMATICAL     ANALYSIS. 

FuNDAMKNTAL  PROBLEM. — Required  the  path  of  the  point  B, 
moving  always  in  a  line  passing  through  V. 

Solution.  —The  path  of  B,  Fig.  42,  is  a  function  of  ft  and  y^ 
which  arc  independent  of  each  other.  If  now,  with  §  constant, 
the  increment  dy  be  added  to  y^  the  whole  quadrilateral  CVBW 
will  be  revolved  about  C,  without  change  of  shape,  into  the  con- 
secutive position  CVjBjW|,  thus  moving  B  out  of  the  line  VB  a 
distance  bBj  =  WWj  =  r^dy. 

With  y  constant,  /?  must  now  be  increased  by  such  a  differ- 
ential (here  a  minus  one)  as  will  bring  B  back  to  the  line.  This 
gives 

r^dy^bdfi. 
But  r^^c7p-\-b 

and  b  =  ^cV  ^^ 

(remembering  that  /I,  7.  J,  F,  Z,  and  V  stand  for  sin,  cos,  tan, 
cot,  sec,  and  cosec)  at  least  when  b  is  less  than  c,  which  is  the 
case  that  will  now  be  considered.  Substituting  these  values, 
there  results 

which  is  the  Differential  Equation  of  the  Polar  Tractrix  for  the 
case,  at  least,  which  has  a  real  angle  /^„. 

To  integrate  this  expression,  the  half-angles  may  be  intro- 
duced in  a  symmetrical  form,  thus: 

and  //„=i(/^  +  /¥„)_i(/J_/S,). 

Putting  A^  =  A\(p-ti^^ 

and  /l2=/1i  (/'  +  /'o). 

with  the  same  subscripts  for  the  cosines  of  these  half-angles, 

7/;<  =  7,73-/1, /I, 

and  ^  ftn=^  \^  i-^  ^\^i 

so  that        7/S_  7/i;„= —.'/l,/!^. 

Tile  differential  equation  therefore  becomes,  after  dividing  both 
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sides  by  —  7/?^,  and  multiplying  by   >^/^o='^2'^i~^i 

lAo-  dy ^/1,  /1,~ ~ 

which  is  in  the  form  of  the  differential  of  the  natural  logarit. 
of  a  fraction,  as  may  be  seen  by  comparing  it  with 

,  .  ^   _  xdy—ydx       y  ^  x  dy  ^  y  dx 
^  X  x^  X  xy 

Therefore       _  J/?,-  Y  =  <?-^|f^^^'5  +''ir  const. 
Suppose  now  that  for  y^o,  ft  also  is  o,  then 

l/?o.  o=^lg^   ^-^  -.  const.  =  lg{^— I -const.). 

But  the  number  whose  logarithm  is  zero  is  i,  therefore 

— ./•  const.  =^  I 
or  const.  =^ —I. 

This  gives        -J/?.,  y^lg^^^^--^^ 

Suppose  again  that  for  y  =  ^,  ft  =  ]s^\ 

en  ^P^'O^lg    .  y  -—^-  '  const.  =  lg  i  -  cofist. 

l^erefore  const.  =  i. 

Both  of  these  cases  may  then  be  expressed  by 

iich  is  the  Natural-logarithmic  Equation  of  the  Polar  Tractrix. 
lie  plus  sign  refers  to  a  curve  lying  outside  of  the  Zero-Circle 
d  the  minus  sign  to  one  within  it. 
The  equation  may  be  put  in  the  form 

^^Viich  is  the  Exponential  liquation  of  the  Polar  Tractrix.     These 
^^^  equations  of  pure  form,  containing  no  parameter  of  size ;  they 
^^erefore  include  all  si/.es  in  one  equation.  It  should  be  noticed 
^nat  — -J  //  is  a  plus  quantity  in  the  figure. 


164  Polar   Tractrix, 

CONSTRUCTION    OF   THE    EQUATION. 

As  has  been  suggested,  an  instrument  might  be  made  to 
construct  its  own  Polar  Tractrix,  or  the  curve  can  be  drawn 
geometrically  as  follows:  Mark  the  length,  VB  =  ^,  of  the  Meas- 
uring-Bar upon  the  straight  edge  of  a  strip  of  thick  paper  and 
place  the  edge  so  that  V  and  B  coincide  with  V„  and  B^,,  Fig.  43. 
Then  place  the  pencil  against  the  (tdi^c,  at  the  cusp  B^  and  rule 
a  small  portion  of  the  curve.  Now,  without  raising  the  pencil, 
advance  V  along  the  V-circle,  letting  the  edge  slide  against  the 
pencil  until  B  is  a  little  past  it,  then  rule  another  piece  of  the 
curve,  moving  the  pencil  past  B  again.  Proceed  in  this  way 
until  enough  of  the  curve  is  drawn,  taking  care  to  rule  short 
lengths  only  where  the  curvature  is  great.  This  process  de- 
pends, of  course,  upon  the  fact  that  VB  is  always  a  tangent  to 
the  curve  at  B. 

A  more  accurate  way  of  constructing  the  curve  is  to  draw 
it  through  a  series  of  points  obtained  from  the  Equation  of  the 
Curve,  and  by  putting  this  in  a  different  form  and  adapting  it 
to  common  logarithms,  the  process  is  facilitated.  Thus,  the 
equation  may  be  written: 

.   .     I  /,  7       Chord  {ft yy^  ft)      ,       B„B'. 

~ .4343  J  /^o-  y  =  4.0  ,^/^^,,,^^  ^^;__^^  =/Oo  B„B. 

inasmuch  as  the  common  logarithm  equals  .4343  times  the  nat- 
ural logarithm  and  the  ratio  of  two  chords  in  any  circle  is  the 
same  as  that  of  the  sines  of  half  the  arcs  which  thev  subtend. 
It  will  be  seen  also  that  the  formula  applies  to  both  inner  and 
outer  branchtjs  without  change  uf  sign,  and  that  —  y/  (  r- —  ^- ) 
divided  by  h,  is  the  value  of  the  tangent  of  ft^^. 

Figure  43  shows  a  number  of  suitably  chosen  points  on  the 
semicircle  B,,  B^  B'„,  from  which  chords,  as  B„B'«  and  B^B,. 
may  be  drawn  to  the  two  intersections  with  the  Zero-Circle. 
These  chords  have  their  len<':ths  set  down  in  the  second  and 
third  columns  below,  opposite  the  numbers  of  the  points, while 
the  fourth  column  contains  the  difference  of  their  logarithms. 
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As  the  difference  of  the  logarithms  equals  y  multiplied  by 
a  constant  factor,  a  circle  might  be  described  with  this  factor 
as  radius  and  the  difference  laid  off  on  its  circumference.  For 
r  =  5  and  ^  =  J ,  the  tangent  of  ^^  is  minus  four-thirds,  and 
therefore  the  factor  is  .4343  times  four-thirds,  which  equals 
,^79'  It  will,  however,  make  a  neater  and  more  accurate  draw- 
ing to  use  the  V-circle  instead.  The  radius  of  this  is  5,  and  a 
fifth  column  is  therefore  added  to  the  table  containing  the  val- 
ues of  five  times  y  ^  which  are  obtained  from  the  fourth  column 
by  multiplying  by  five  and  dividing  by  .579. 

TABLE  OF  §  AND  y  CO-ORDINATES  FOR  FIGURE  43. 

Points.     Chord  B^B',     Oiord  BnB        Dif.  of  Logs,       5  tifncs  y. 
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4 
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• 

1 
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5 
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6 
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4.89 
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00 

8 

4.79 

.03 
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18.900 

7 

4.75 

.10 
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6 

4.70 

.19 
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5 

4.62 

•34 

1.1331 

9.782 

4. 

4.44 

.61 

.8621 

7.443 

3 

4.16 

1. 00 

.6191 

5-345 

a 

3-91 

1-35 
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3.988 

1 

3.57 

1.77 
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0 
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0. 

0. 
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To  lay  out  the  curve  by  means  of  this  table  the  distances 
i  n  the  last  column  are  laid  out  from  V^,  both  ways  around  the 
V-circle  and  numbered  in  order.  With  these  points  as  centers 
and  the  radius  VB  =  V(,B,j  =  ^,  arcs  are  described  cutting  other 
arcs  previously  dr^wn,  with  C  as  a  center,  through  the  corre- 
sponding points  on  the  B-circlc.  If  these  intersections  are  too 
acute  near  the  cusps  the  values  of  ^ ,  obtained  from  the  B-circle, 
may  also  be  used.  In  this  way  the  Tractrix,  Fig.  43,  is  laid  out 
and  the  planimetcr  is  indicated  in  pushing  and  pulling  positions 
for  both  outer  and  inner  curves. 

The  outer  and  inner  curves,  described  by  the  Stylus,  A  or  A', 
when  a  equals  6,  are  also  shown;  also  portions  of  those  by  A"  or 
A"',  for  a  equals  one-and-a-half.  The  Table  is  made  for  only  a 
half  turn  of  the  spiral,  inasmuch  as  the  rest  of  the  curve  lies  too 
close  to  the  Zero-Circle  to  be  easily  drawn  separate  from  it. 

DISCUSSION    OF   THE    CURVE. 

The  curve  may  be  conceived  as  continuously  traced  by  B 
in  the  following  manner :  Let  B  be  placed  on  the  Zero-Circle 
with  Y  equal  to  minus  infinity  and  t^  equal  to  minus  ft^ ,  and  let 
it  be  pushed  ahead  of  V  by  revolving  the  Radius-Bar  around  C 
in  the  plus  direction.  At  first  B  will  follow  the  circle,  but,  as 
it  is  impossible,  either  actually  or  theoretically,  to  give  to  p^ 
the  value  corresponding  to 

with  sufficient  exactness  to  make  it  impossible  for  B  to  leave 
this  circle,  B  will,  after  an  infinite  number  of  turns  when  y  has 
acquired  a  finite  value,  gradually  leave  the  circular  path,  either 
on  the  inside  or  outsidg,  according  to  whether  /^j,  started  a  dif- 
ferential too  small  or  too  large,  diverging  more  and  more  from 
it  until,  for  y  equals  zero  and  fi  equal  to  either  zero  or  7t  the  , 
divergence  reaches  a  maximum  in  the  cusp  B^^  or  B'„.  After 
this  B  is  pulled  by  V  and  generates  the  symmetrical  right-hand 
branch,  which,  for  y  equal  to  plus  infinity,  winds  up  around  the 
Zero-Circle. 
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The  inner  branches  are  always  concave  toward  C,  but  the 
outer  have  points  of  inflection  at  Bj  and  I  for  fi  —  ±  qo°.  The 
center  of  curvature  J  is  readily  found  for  any  point  by  intersect- 
inf^the  line  CV  with  a  perpendicular  to  VB  at  B.  and  it  may  easily 
be  seen  that  this  intersection  falls  at  infinity  for  /i  equal  to  ±qo^. 

In  the  neighborhood  of  Z  and  0  there  are  evidently  an  in- 
finite number  of  points  where  the  right-hand  and  left-hand 
branches  cross  each  other,  quite  close  to  the  Zero-Circle. 


THE  CHEMICAL  AND  PHYSICAL  EXAMINATION  OF  PAPER. 

BY    PROFESSOR  THOMAS  B.  STILLMAN. 

This  subject  may  be  conveniently  divided  into  eight  sec- 
tions: 

First, — Determination  of  the  nature  of  the  fibre. 

Second, — Microscopical  examination. 

Third, — Determination  of  free  acids. 

Fourth.-  Determination  of  the  nature  and  amount  of  the 
sizing  used. 

Fift/i, — Determination  of  the  amount  of  ash  and  its  analysis. 

Sixth. — Determination  of  the  thickness  of  the  paper. 

Seventh. — Determination  of  the  weight  per  cubic  decimeter. 

Eighth. — Determination  of  the  absolute  breaking  strength. 

First. — The  introduction,  in  late  years,  of  the  various  kinds 
of  wood  fibres  in  the  manufacture  of  paper  has  rendered  the 
chemical  examination  of  the  same  exceedingly  difficult. 

This  is  more  especially  so  where  the  wood  fibre  has  been 
subjected  to  chemical  treatment,  as  in  the  "  sulphite  process  " 
or  the  **  soda  process,"  before  being  incorporated  in  the  paper. 

Nearly  all  of  the  chemical  reactions  for  the  recognition  of 
the  wood  fibres  in  paper  produce  certain  colors  with  the  various 
resins  in  the  wood  when  the  reagent  is  added.  While  the  fibre 
prepared  entirely  by  the  '*  mechanical  "  process  can  be  indi- 
cated without  difficulty,  even  when  mixed  with  cotton  and 
linen  in  various  amounts,  the  conditions  are  greatly  altered 
when  the  wood  fibre  has  been  subjected  to  bleaching  and  chem- 
ical treatment,  since  the  latter  removes  much  of  the  resinous 
matters  of  the  wood  and  increases  the  difficulty  of  the  qualita- 
tive examination. 

The  chemical  reactions  of  the  fibres  produced  from  the  va- 
rious woods  used  in  paper-making,  pine,  poplar,  and  spruce, 
are  identical,  qualitatively,  with  the  following  reagents. 

1.  Hydrochloric  acid  and  Phloroglucin  produce  a  red  color 
with  "mechanical  "  wood  pulp. 

2.  Aniline  Sulphate  produces  a  yellow  color. 

3.  Naphtylamin  and  Hydrochloric  acid  produce  an  orange 
yellow  color. 
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4.  Anthracene  Hydrochlorate  produces  a  red  color. 

5.  Phenol  Hydrochlorate  produces  a  bluish-green  color. 

6.  Concentrated  HCl  produces  a  violet  color. 

7.  Pyrrol  and  HCl  produce  a  purple  red  color. 

8.  Pyrogallic  acid  and  Zinc  Chloride  produce  a  dark  violet 
color. 

9.  Nitric  and  Sulphuric  Acids  produce  a  red  color, 
fo.  Haematoxylin  Solution  produces  a  red  color. 

II.  Alcoholic  Solution  of  Cochineal  produces  a  blue  violet. 

Where  the  wood  pulp  is  composed  entirely  of  "mechanical  " 
wood  fibre  the  above  reactions  are  very  marked,  and,  by  the 
aid  of  the  microscope,  the  varieties  of  wood  can  be  determined. 

Wood  pulp  produced  by  the  **  soda "  or  by  the  *•  bi-sul- 
phite  "  process  gives  a  much  weaker  reaction  with  the  chemical 
reagents  used  for  identification,  and  in  many  instances  where 
the  pulp  has  been  used  many  times  in  paper-making  will  give 
no  color  reactions  sufficient  for  recognition.  The  amount  of 
"  mechanical  fibre  "  in  a  mixture  of'*  chemical  fibre/*  linen  fibre, 
cotton  fibre  and  "  mechanical"  fibre  in  a  paper  can  be  deter- 
mined as  follows: 

The  sample  of  paper  is  first  boiled  in  water,  then  in  alco- 
hol, and  afterwards  digested  with  ether.  After  drying,  a  solu- 
tion of  chloride  of  gold  is  added. 

Linen,  cotton,  and  "  chemical  "  wood  fibre  have  no  reducing 
action  upon  the  solution  of  gold;  but  the  mechanical  w-ood  fibre 
immediately  reduces  gold  from  the  solution,  this  action  being 
due  to  the  ligno-cellulose  remaining  in  the  mechanical  wood 
fibre. 

One  hundred  grammes  of  mechanical  wood  pulp,  under 
above  conditions,  will  reduce  14,285  grammes  of  gold.* 

If  a  samj)le  of  paper  be  submitted  for  examination  as  to 
the  fibres  used  in  its  manufacture,  the  following  preliminary 
work  is  requisite:  The  rosin,  sizing,  filling,  etc.,  in  the  manufac- 
tured paper  must  first  be  removed.  Cut  the  paper  into  small 
pieces,  place  them  in  a  beaker  and  digest  with  a  solution  of 
caustic  soda  (NaOH,  i  part,  11  oO,  30  parts),  at  a  moderate 
heat,  for  ten  minutes.     Pour  off  the  liquid,  replace  with  double 

* Ilamihuih    t/rr     'IVilniisch-Chim.   Ctitersuchunf^cn     (BoLLEY).    6th 
Auf.y  page  1007. 
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the  amount  of  distilled  water,  and  warm  ten  minutes;  pour  oft 
this  liquid,  and  repeat  once.  Now  place  the  paper  in  a  solution 
composed  of  one  part  of  Hydrochloric  acid  and  fifteen  parts  of 
distilled  water  and  digest  ten  minutes.  Wash  a  number  of 
times  with  distilled  water,  until  washings  are  no  longer  acid; 
then  dry. 

Suppose  the  sample  of  paper  so  treated  to  be  composed  of 
21  mixture  of  "  mechanical "  wood  fibre,  chemical  wood  fibre, 
linen,  and  cotton— a  mixture  to  be  found  in  many  samples  of 
ood  quality  of  writing-paper. 

A  sample  of  the  dried  paper  is  tested  with  solutioq  of  gold 

hloride.     If  no  reduction  of  gold  takes  place,  the  indications 

oint  to  the  absence  of  mechanical  wood  fibre.  This,  however, 

s  not  absolute,  since,  if  the  paper  has  been  made  from  "  cut- 

ings,"  "  old  paper  stock,"  etc.,  etc.,  the  mechanical  wood  pulp 

ight  have  been  treated  quite  a  number  of  times  by  chemicals 

n  the  production  of  the  finer  quality  of  paper,  and  its  ligno- 

ellulose  destroyed  or  modified  in  such  a  way  as  to  nullify  the 

old  test. 

Generally  speaking,  however,  the  reduction  of  the  gold 
hloride  is  indicative  of  the  presence  of  mechanical  wood 
bre.*  t 

R.  Bendikt  (Chem.  Zeit.,  XV.,  p.  201)  gives  a  method  for 
he  determination  of  mechanical  wood  fibre  in  paper,  dependent 
pon  the  methyl  numbers  of  lignin  contained  in  it.  This  pro- 
ess  has  been  tested  by  \V.  Herzherg  {Mitt.  Konig.  tech,  VcrsucJis,, 
8gi,  44-^0),  with  the  result  that  preference  is  given  to  the  use 
f  gold  chloride  solution. 

If  the  amount  of  mechanical  wood  fibre  in  a  paper  amounts 

o  about  ten  per  cent.,  Gottstein   (Papierzeitung,  1884,  432) 

tates  that  the  fibres  may  be  counted  under  the  microscope,  af- 

«r  the  fibres  have  first  been  made  visible  by  a  treatment  with 

n   alcoholic  phloroglucinol    solution  and  hydrochloric  acid. 

ifteen  per  cent,  or  more  of  the  mechanical  wood  fibre  in  the 

*"  Ucber  die  quantitative  Bestimmung  des  Holzschliffs  im  Papier," 
'^""on  Rich.  Godeffroy  und  Max  Conlon;  Mittheilunf^en  aus  licm  R,  K.  Tcch- 
'^^ologischen  Gewfrbemuseum  in  IVieft.     1888. 

t  Mittheilungen  aus  den  Koni^licheti  technischen  I  \'rsuchsanstalten  zti 
fierlin^  1892,  p.  54. 
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mixture  rciidors  the  test  valueless.  If  chemical  wood  fibre  be 
present  in  a  paper  with  mechanical  wood  fibre,  no  color  tests 
for  the  (ormer  are  positive  in  the  presence  of  the  latter,  since 
the  mechanical  wood  pulp  possesses  a  {greater  tinctorial  power. 

Should  mechanical  wood  fibre  be  absent,  however,  a  solu- 
tion of  Kesorcin  can  be  applied  to  a  properly  prepared  sample 
of  the  paper.  Chemical  wood  fibre  produces  a  violet  color, 
whereas  cotton  and  linen  are  without  action. 

A  solution  of  Phenol  also  produces  a  violet  color  under 
similar  conditions. 

.V(vw/*/.  —  By  careful  manipulation  of  the  microscope,  the 
fibres  of  linen,  cotton,  and  the  various  woods  can  be  recog- 
nized. 

The  distinction  must  be  noted  here,  however,  that  the  fibres 
from  paper,  no  matter  what  the  source,  do  not  have  the  appear- 
ance under  the  microscope  that  they  possessed  before  the  me- 
chanical and  chemical  treatment  required  in  the  manufacture 
of  paper. 

The  chemical  process  in  paper-makiny  is  very  severe  upon 
the  various  fibres,  since  they  are  subjected  to  beating  and  cut- 
ting in  the  "beating-machine,"  to  protracted  maceration  in 
strong  alkali,  to  digestion  in  boiling  water,  to  bleaching  with 
chloride  of  lime,  are  loaded  with  various  clays,  and  finally  are 
sized,  and  often  burnished. 
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This  difference  between  linen  fibres  before  and  after  treat- 
ment is  shown  in  Figs.  1  and  2. 

A  comjiarison  shows  not  only  a  radical  change  in  the  form 
of  the  fibres,  but  a  difference  in  the  transparency,  due  to  re- 
moval of  soluble  portions  of  the  fibre. 


Figure  3.  Figure  4. 

Poplar  wood  fibre  (Fig.  3),  made  by  chemical  process,  un- 
der the  microscope  resembles  the  fibres  of  linen  more  than 
does  any  other  of  the  wood  fibres.  It.  however,  has  one  dis- 
tinguishing characteristic,  even  among  the  disintegrated  pulps, 


n 

^w^ 
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that  is,  the  tangential  fragments  have  among  them  particles 
bearing  a  grate,  or  screen-like,  appearance,  as  shown  in    Fig.  4. 

The  coniferous  woods  used  in  paper-making  show  pecu- 
liarities in  structure  entirely  different,  under  the  microscope, 
from  linen  and  cotton,  the  most  distinctive  one  being  the  small 
circular  "  pits  "  or  spots  along  the  centre  of  each  fibre.  A  sec- 
tion of  spruce  wood,  composed  of  fifteen  or  more  fibres,  is 
shown  in  Fig.  5. 

After  pulping  and  making  into  paper,  spruce  fibre  lias  the 
appearance,  under  the  microscope,  shown  in  Fig.  6.  It  still  re- 
tains the  peculiar  circular  markings,  and  is  readily  distinguished 
from  the  linen  paper  fibre,  Fig.  2,  or  from  cotton  fibre,  Fig.  7. 


Figure  7.  Figure  8. 

In  Fig.  8  is  shown  the  peculiar  "  centre-marking  "  of  conif- 
erous fibre,  as  taken  from  a  sample  of  writing-paper  sold  as 
linen  paper,  but  shown  by  both  chemical  and  microscopical  ex- 
amination to  be  composed  largely  of  spruce  fibre  and  linen.* 

The  microscope  will  thus  determine  the  differences  between 
the  various  fibres  used  in  paper-making,  and,  by  properly  ar- 
ranged apparatus  connected  therewith,  the  percentage  of  each 
variety  of  fibre. 

•  Tht  iiiicni-iihotiigraphs  use<i  in  this  article  (N'os.  1  to  8)  are  fnim  spe- 
cimens made  cluriiiK  an  investigation  upon  fibres  of  papers  tiy  Charles  S, 
Shull;  and  the  writer  in  rSoj,  and  represent  the  lihres  inagiiitied  Mo  diame- 
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According  to  the  German  official  directions,  the  sample  of 
paper,  after  removal  of  sizing,  etc.,  is  to  be  steeped  in  a  solu- 
tion of  1.5  grms.  of  iodine  and  2  grms.  of  potassium  iodide 
in  20  c.  c.  of  water  and  then  examined  under  the  micro- 
scope. The  fibres  may  be  conveniently  divided  into  three 
groups: 

1.  Linen,  hemp,  and  cotton. 

2.  Wood-cellulose  (''chemical"  wood  fibre),  straw-cellu- 
lose, and  esparto. 

3.  Ground  wood-celluluse  and  jute. 

After  treatment  with  the  above  solution,  the  fibres  of  group 
I  are  stained  brown,  those  of  group  2  are  not  colored,  whilst 
the  strongly  lignified  fibres  of  group  3  are  colored  yellow.  But 
it  has  been  found  that  this  method  is  somewhat  defective;  the 
cellulose  of  group  2,  for  example,  being  invariably  to  some  ex- 
tent stained,  whilst  the  members  of  group  i  are  so  deeply  colored 
that  it  is  almost  impossible  to  distinguish  their  structural  char- 
acters. After  many  experiments,  the  following  method  was 
found  most  satisfactory. 

The  paper  is  placed  on  the  object-glass  of  the  microscope 
and  treated  with  iodine  solution,  the  unabsorbed  iodine  removed 
by  means  of  filter  paper,  and  the  paper  covered  with  sulphuric 
acid  dilute.  The  solution  of  iodine  in  potassium  iodide  should 
be  of  such  a  strength  that  a  layer  of  3  cc.  thickness  should  be 
of  ruby- red  color  and  quite  transparent.  The  paper  is  now  re- 
moved and  boiled  with  a  solution  of  dilute  potassium  hydrate, 
washed  thoroughly,  and  replaced  on  the  object-glass.  The 
color  reactions  are  as  follows: 

1.  Cotton,  linen,  and  hemp  take  a  violet-red  or  wine-red 
color. 

2.  Well  bleached  wood-cellulose  and  ordinary  bleached 
straw-cellulose  are  colored  gray-blue  or  pure  blue,  without  any 
tinge  of  red. 

3.  Unbleached  or  imperfectly  bleached  wood  fibre  absorbs 
verv  little  iodine  and  remains  colorless. 

4.  Strongly  lignified  fibres,  such  as  ground  wood-cellulose 
and  raw  jute,  are  colored  yellow. 

The  numbers  of  each  variety  of  fibre  are  now  carefully 
counted  by   means  of  the  microscope  and   an   e)'c-piecc   mi- 
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crometer  ruled  in  squares.  This  chemical  treatment  and 
microscopical  examination  is  to  be  repeated  upon  at  least  fifty 
different  pieces  of  paper  from  different  parts  of  the  sample, 
and  an  average  taken.  By  this  means  ap[)roximate  percentages 
of  each  variety  of  fibre  in  the  paper  can  be  stated.  {Jour,  Soe. 
Chem,  Industry,  VIII.,  §64.) 

( To  be  continued. ) 


CHANGE  IN  RATING  FOR  FEED  WATER  HEATERS. 

The  practice  of  rating  Feed  Water  Heaters  on  a  horse- 
power basis,  a  practice  which  was  misleading  and  had  nothing 
to  commend  it,  has  been  discontinued  bv  the  members  of  The 
Feed  Water  Heater  Manufacturers  Association  ;  and  they  have 
agreed  among  themselves  to  state  in  their  catalogues  and  speci- 
fications, and  whenever  called  upon  to  make  prices,  the  diameter 
of  the  tubes,  the  number  of  lineal  feet  thereof,  and  the  total 
square  feet  of  heating  surface  in  the  heater  offered. 
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RESULTS  OF  MEASUREMENTS  TO  TEST   THE  ACCURACY 
OF  SMALL   THROTTLING  CALORIMETERS.* 

BY    PROF.    D.  S.    JACOBUS. 

The  following  data  are  the  results  of  tests  made  as  a  pre- 
liminary to  an  investigation,  undertaken  for  the  Babcock  & 
Wilcox  Co.  by  Professor  Denton,  to  determine  the  conditions 
under  which  throttling  calorimeters  applied  to  a  steam  main 
are  a  reliable  means  of  determining  the  average  amount  of 
moisture  in  the  total  quantity  of  steam  flowing  through  it. 

The  results  of  the  experiments  tend  to  confirm  the  opinion 
that  the  indication  of  these  instruments  may  greatly  exaggerate 
the  amount  of  moisture,  and  that  the  dcj^ree  of  inaccuracy  de- 
pends upon  the  local  conditions. 

It  was  thought  desirablcj  therefore,  to  bring  the  matter  to 
the  attention  of  the  Society,  and  invite  discussion,  so  that  sub- 
sequent experiments  might  cover  the  conditions  of  any  peculiar 
experiences  of  members  in  this  line. 

The  tests  indicate  that  various  calorimeter  nozzles,  such  as 
are  now  used  in  practice,  do  not  give  an  average  sample  of  the 
steam  which  flows  by  them.  A  throttling  calorimeter  gives  the 
correct  amount  of  moisture  in  the  steam  which  passes  through 
the  throttling  orifice,  so  that  the  entire  error  is  due  to  the  fact 
that  an  average  sample  of  steam  is  not  supplied  to  the  calori- 
meter. 

If  a  nozzle  closed  at  the  inner  end,  and  perforated  with  a 
number  of  small  holes  in  its  cylindrical  surface,  is  employed, 
the  calorimeter  will  ordinarily  indicate  too  high  a  percentage 
of  moisture.  For  example,  a  calorimeter  attached  to  a  three- 
inch  horizontal  pipe  by  means  of  a  horizontal  nozzle  of  half- 
inch  pipe,  having  six  holes  seven-thirty-seconds  inch  in  diam- 
eter, indicated  6.3  per  cent,  of  moisture  when  the  actual  amount 


♦From  a  paper  presented  at  the  New  York  meeting  (December, 
1894)  of  the  American  Society  of  Mechanical  Engineers,  and  forming  part 
of  Volume  XVI.  of  the  Transactions, 
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TABLE  1. 
CoarAKisoN  of  Actual  Percentages  of   Moisture  with  Amounts 
Indicated   by    a   Throttling    Calorimeter;   Steam    Passing 
Through  a  Three-Inch  Horizontal  Pipe  with  a  Velocity  of 
about  Forty-five  Feet  per  Second, 
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was  2.3  per  cent.;  14.6  per  cent,  when  the  actual  was  8.8  per 
cent.,  and  17.8  per  cent,  when  the  actual  was  lo.i  per  cent.  In 
these  tests  about  i,5CX)  pounds  of  steam  flowed  through  the 
pipe  per  hour. 

A  calorimeter  attached  to  a  vertical  nozzle  with  twelve 
holes  seven-thirty-seconds  inch  in  diameter,  placed  in  the  same 
horizontal  pipe,  indicated  5.5  per  cent,  when  the  true  amount 
was  2.5  per  cent.;  ii.i  per  cent,  when  the  true  amount  was  4.7 
per  cent.,  and  20.9  per  cent,  when  the  true  amount  was  10.9  per 
cent. 

A  vertical  nozzle,  containing  twelve  holes  one-eighth  inch 
in  diameter,  also  gave  too  high  percentages  of  moisture.  The 
results  of  the  tests  are  given  in  detail  in  Table  I. 

These  results  show  that  other  devices  than  perforated  noz- 
zles should  be  employed  to  obtain  an  average  sample  of  steam, 
and  tests  are  in  progress  to  determine  the  efficiency  of  an  ar- 
rangement devised  by  Professor  Denton,  which  consists  of  a 
tube  passing  through  a  stuffing-box,  and  so  arranged  that  it 
may  be  moved  to  any  position  across  the  pipe  under  a  full 
head  of  steam.  The  tube  has  an  open  end,  and  there  are  no 
side  holes.  This  arrangement  allows  determinations  to  be 
made  at  all  depths. 

Lines  15,  16,  and  17  of  Table  I.  give  the  results  obtained 
^'ith  a  special  form  of  nozzle,  in  which  a  slot  was  cut  about  one- 
<juarter  inch  wide  and  one  inch  long.  This  slot  was  placed  so 
ss  to  be  at  the  centre  of  the  three-inch  pipe.  When  the  slot 
Avas  turned  so  that  the  current  of  steam  struck  directly  against 
it,  the  percentage  of  moisture  indicated  by  the  calorimeter  was 
less  than  the  true  amount,  and  when  turned  so  that  it  was  away 
from  the  current  the  percentage  of  moisture  was  greater  than 
the  trtJe  amount.  When  placed  at  right  angles  to  the  current, 
sn  intermediate  result  was  obtained,  which  was  greater  than  the 
true  amount  of  moisture.  These  experiments  tend  to  show 
that  the  water  which  strikes  a  nozzle  clings  to  it  and  passes 
around  it  so  as  to  be  drawn  inward  by  the  currents  of  steam 
entering  the  apertures. 

The  true  percentage  of  moisture  was  detcrniincd  as  fol- 
lows: A  known  weight  of  water  at  a  temperature  of  about  65° 
Fahr.  was  injected  into  a  three- inch   pipe,  and  travelled  along 
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with  the  steam  for  the  distance  of  about  eight  feet  into  a  three- 
inch  Stratton  separator.  After  leaving  the  separator  the  steam 
passed  through  a  three-inch  horizontal  nipple  six  inches  long 
into  a  twelve-inch  drum  four  feet  long.  A  valve  between  the 
nipple  and  twelve-inch  drum  was  used  to  throttle  the  steam  so 
as  to  obtain  the  desired  rate  of  flow  and  maintain  a  pr-essure  in 
the  twelve-inch  drum  equal  to  about  that  of  the  atmosphere. 
The  steam  flowed  from  the  twelve-inch  drum  through  a  system 
of  piping  into  a  surface  condenser,  and  was  finally  weighed. 
The  calorimeter  nozzle  was  tapped  into  the  three-inch  nipple 
between  the  throttling  valve  and  the  separator  at  a  distance  of 
about  three  inches  from  the  separator.  The  steam  was  turned 
at  right  angles  in  passing  from  the  separator  to  the  outlet  pipe, 
so  that  the  experiments  correspond  to  placing  calorimeters  in 
a  horizontal  pipe  near  an  elbow.  The  drip  pipe  of  the  separa- 
tor was  closed,  and  the  water  rose  to  such  a  height  in  the  sep- 
arator that  it  mingled  with  the  steam  passing  from  the  same. 
This  arrangement  was  adopted  in  order  to  obtain  a  thorough 
mixture  of  the  steam  and  water.  At  first  a  baffle-plate  device 
was  contemplated,  but  on  further  consideration  the  separator 
was  used  as  an  equivalent.  That  there  was  a  fairly  uniform 
mixture  is  confirmed  by  the  fact  that  the  horizontal  nozzle  gave 
about  the  same  results  as  a  vertical  nozzle. 

The  general  arrangement  of  the  apparatus  is  shown  in  Fig. 
I.  Steam  entered  through  the  three-inch  pipe  at  A,  and  passed 
into  the  6-inch  drum  B,  where  the  superheat  was  measured  by 
means  of  the  thermometers  6  and  1),  The  thermometer  6 'was 
placed  in  an  ordinary'  mercury  well,  and  the  thermometer  D  in 
a  mercury  well  having  a  thin  neck  and  a  bulb  of  metal  at  its 
lower  end,  as  explained  later  on.  The  thermometer  placed  in 
the  well  having  the  bulb  at  the  lowest  end  was  found  to  give  a 
higher  reading  than  one  placed  in  the  ordinary  form  of  well. 
From  the  6-inch  drum  B  the  steam  passed  into  the  horizontal 
3-inch  pipe  E.  Water  was  injected  through  the  nozzle  F,  m 
which  tw^o  jets  were  made  to  impinge  on  each  other  and  thus 
produce  a  fine  spray,  or  through  a  plate  perforated  with  holes 
one-eighth  of  an  inch  in  diameter.  The  temperature  of  this 
water  was  measured  at  \\'\  The  temperature  of  the  mi.xture  of 
steam  and  water  was  measured  at  //,  the  reading  in  all  cases 
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being  that  corresponding^  to  saturated  steam  at  the  pressure  ex- 
isting in  the  pipe  E.  The  pressure  was  measured  be  means  of 
the  two  gauges /and/.  The  syphon  connecting  the  guage  / 
with  the  pipe  E  was  surrounded  with  water  so  as  to  prevent 
overheating.  The  steam  and  water  passed  into  the  separator 
K,  the  drip  of  which  was  closed  so  that  all  the  moisture  in  the 
steam  passed  through  the  separator.  The  Barrus  calorimeter 
L  was  placed  in  the  3-inch  nipple  which  formed  the  outflow  of 
the  separator.  M  is  a  valve  which  was  employed  to  regulate 
the  rate  of  flow,  and  to  throttle  the  steam  so  that  it  was  very 
nearly  at  atmospheric  pressure  in  the  12-inch  drum  N,  The 
temperature  of  the  steam  in  the  12-inch  drum  was  measured  by 
means  of  the  thermometers  0  and  P,  the  thermometer  O  being 
placed  in  a  mercury  well,  and  the  thermometer  P  coming  di- 
rectly in  contact  with  the  steam.  The  thermometer  Q  meas- 
ured the  temperature  of  the  steam  on  leaving  the  12-inch  drum. 
From  the  12-inch  drum  the  steam  entered  the  condenser -^,  and 
the  condensed  steam  was  finally  weighed  in  the  barrels  S  and 
T.  The  pressure  in  the  12-inch  drum  was  measured  by  means 
of  a  gauge  and  a  mercury  manometer  attached  to  the  pipe  f/. 
V  is  a  valve  through  which  the  steam  could  be  allowx*d  to  es- 
cape into  the  atmosphere. 

The  valve  J/ and  the  drum  A^  constitute  a  large  throttling 
calorimeter,  so  that  if  we  know  the  percentage  of  moisture  in 
the  steam  before  passing  through  the  valve  J/ we  can  compare 
it  with  the  value  obtained  by  calculation  from  the  superheating 
observed  in  the  drum  X.  The  true  pcrcent^ige  of  moisture  was 
calculated  from  the  weight  and  temperature  of  the  water  in- 
jected at  /*'or  (^7,  together  with  the  superheating  of  the  steam 
in  the  (Iruiii  />,  and  the  results  by  the  two  methods  were  found 
to  agree  within  one-fifth  of  one  per  cent,  up  to  a  range  nearly 
ecjual  to  the  maximum  capacity  of  a  throttling  calorimeter  at 
the  existing  j)ressures.  When  the  thermometers  in  the  drum 
.V  registered  about  21Q  dei^^recs  a  slight  drij)  of  water  would 
appear  at  the  valve  A',  thus  showini;  that  all  the  moisture  had 
not  been  evaporated,  but  up  to  this  limit  the  percentage  of 
moisture  calculated  from  the  sui)erheating  agreed  with  that  ob- 
tained by  weighing  the  amount  of  water  injected. 

A  constant  amount  of  moisture  was  maintained  by  taking 
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weighings  of  the  condensed  steam  and  water  every  five  min- 
utes, and  regulating  the  flow  of  water  to  a  uniform  rate.  A 
continuous  record  was  preserved,  and  only  that  portion  where 
uniform  conditions  were  maintained  was  employed  in  calculat- 
ing the  final  results.  The  average  length  of  such  selected  in- 
tervals was  about  twenty-five  minutes,  so  that  five  readings  of 
weights  were  used  in  calculating  the  results  of  each  test.  The 
readings  of  temperatures  were  made  every  two  and  one-half 
minutes. 

The  height  of  water  in  the  separator  was  observed  and 
found  to  remain  at  a  constant  figure  for  a  given  set  of  condi- 
tions. A  few  of  the  tests  were  also  extended  over  several 
hours,  and  no  practical  variation  was  detected. 

In  all  the  tests  the  steam  was  allowed  to  flow  through  the 
apparatus  for  some  time  before  taking  the  readings. 

Tests  Nos.  7  and  8  are  exceptions  to  the  others.     In  these 

the  calorimeter  was  attached  to  the  three-inch  pipe  E  leading 

to  the  separator,  and  within  about  one  foot  of  the  same.     The 

results  shown  by  the  calorimeter  in  these  tests  are  very  high, 

54.6  per  cent,  being  indicated,  when  the  true  amount  was  21.0 

per  cent.,  and  50.8  per  cent,  when  the  true  amount  is  17.6  per 

oent.     These  results  were   probably  caused  by  water  running 

^long  the  bottom  of  the  pipe,  which  splashed  upward  into  the 

lower  holes  of  the  nozzle. 

In  a  special  scries  ot  experiments  it  was  shown  that  if  the 
X'clocity  was  decreased  to  about  one-third  that  which  existed 
ill  th^  main  steam-pipe  durini^  the  experiments  quoted  in  Table 
I ,,  the  percentages  of  priming  indicated  by  the  calorimeter  were 
Icrss  than  the  true  amount.  Such  low  velocities  (fifteen  feet  per 
^Second),  however,  seldom  occur  in  practice,  and  the  results 
^Ar'-ere  therefore  not  included  in  the  paper. 

As  very  slow  velocities   tended  to  produce  too  low  indica- 

tions  of  moisture  for  the  conditions  under  which  the  tests  were 

rtiade,  and  higher  ones  approaching  those  employed  in  practice 

tended  to  give  indications  which  are  too  high,   there  may  have 

t>een  a  particular  velocity  for  a  given  set  of  conditions  at  which 

3.  nozzle  would  have  given  correct  results. 

At  first  it  was  thought  that  a  portion  of  the  discrepancy 
found  in  the  tests  with   the   calorimeter  niitjht   be   due   to  the 
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cooling  effect  of  the  low-pressure  steam  which  came  in  contact 
with  one  side  of  the  valve  M,  Fig.  i,  and  which  might  tend  to 
cool  the  main  pipe  into  which  the  calorimeter  was  inserted  at 
L.  Such,  however,  was  not  the  case,  as  a  thermometer  placed 
in  a  short  well  in  the  pipe  directly  over  the  calorimeter  nozzle 
gave  the  same  indications  as  a  thermometer  placed  at  H.  The 
fact  that  the  results  given  by  the  small  calorimeter,  and  the 
true  percentages  of  priming  as  given  by  ihe  temperature  in  the 
12-inch  drum,  tend  to  approach  each  other  for  dry  steam,  also 
shows  that  the  pipe  into  which  the  calorimeter  nozzle  was  in- 
serted could  not  have  been  cooled  to  any  great  extent.  Again, 
in  the  tests  at  low  velocities  of  steam  the  readings  given  by  the 
small  calorimeter  were  less  than  should  have  been,  which  is  in 
the  reverse  direction  to  the  action  that  should  take  place  if  the 
pipe  was  cooled  by  conduction  of  heat  to  the  valve  M, 

The  nozzles  were  all  of  half-inch  pipe,  and  were  of  the  fol- 
lowing forms: 

Nozzle  No.  I  contained  twelve  holes,  seven-thirty-seconds 
of  an  inch  in  diameter,  drilled  along  four  equidistant  lines  par- 
allel to  the  centre  line  of  the  pipe.  The  centres  of  the  four 
holes  nearest  to  the  outlet  were  about  three-quarters  of  an  inch 
from  the  inner  surface  of  the  three-inch  pipe  when  the  nozzle 
was  screwed  into  place.  The  holes  drilled  along  each  line  were 
about  three-quarters  of  an  inch  apart. 

Nozzle  No.  2  was  of  the  same  form  as  No.  i,  except  that 
the  holes  were  one-eighth  inch  in  diameter,  and  the  holes  near- 
est the  outlet  were  within  three-eighths  of  an  inch  of  the  inner 
surface  of  the  pipe  when  the  nozzle  was  screwed  into  posi- 
tion. 

Nozzle  No.  3  contained  six  holes  seven-thirty-seconds  of 
an  inch  in  diameter,  drilled  along  two  lines  parallel  to  the  cen- 
tre of  the  pipe  and  opposite  each  other.  When  in  position  the 
plane  in  which  the  holes  were  drilled  was  horizontal.  The 
holes  nearest  the  outlet  were  within  three-quarters  of  an  incl 
of  the  inner  surface  of  the  pipe.  The  holes  were  three-quartori 
of  an  inch  from  each  other,  as  in  nozzles  Nos.  i  and  2. 

Nozzle  No.  4   has  already    been   described   in   connectioi 
with  the  tests  made  with  it. 

The  nozzles  were  made  with  long  threads,  so  that  all  th 
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jDortion  projecting  into  the  three-inch  steam-pipe  was  threaded, 
-i^ll  were  closed  at  their  inner  ends. 

To  measure  the  amount  of  superheat  in  the  steam  the  ther- 
ometer  D  was  placed  in  a  special  form  of  mercury  well,  hav- 
ng  a  bulb  at  its  lower  extremity,  and  provided  with  a  very  thin 
eck  leading  from  this  bulb  to  the  outside  of  the  pipe.     The 
«irge  bulb,  combined  with  the  thin  neck,  overcomes  the  error 
utroduced  by  conduction  of  the  pipe  to  the  well,  which,  in  a 
ell  of  a  three-eighths-of-an-inch  pipe  four  inches  long,  amounts 
o  about  four  degrees  Fahr.     This  large  error  occurs  only  in 
he  case  of  superheated  steam. 

The  drum  B  was  much  cooler  than  the  superheated  steam 
ear  its  centre,  for  with  superheating  to  the  extent  of  ten  to 
fteen  degrees  at  the  centre,  water  could  be  drained  from  the 
rip  valve  K  The  great  difficulty  of  estimating  the  correct  de- 
ree  of  superheating  of  the  entering  steam  led  to  a  series 
f  preliminary  tests,  in  which  coefficients  were  determined 
hich  represented  the  heat  units  per  pound  of  steam,  including 
11  radiation  effects,  corresponding  to  a  given  amount  of  super- 
eat,  as  registered  by  the  thermometers  B  and  C  In  these  tests 
o  water  was  injected  into  the  steam  pipe,  and  the  entire  vol- 
me  of  superheated  steam  passing  through  the  apparatus  was 
hrottled  at  M,  and  its  temperature,  after  throttling,  measured  in 
he  12-inch  drum  N. 

For  the  higher  rates  of  flow  the  coefficient  was  found  to  be 
.47,  and  for  the  lower  rates  0.45.  These  figures  are  equivalent  to 
he  specific  heat  of  the  steam  less  the  radiation  effect  of  the 
Lpparatus,  but  are  not  exact  physical  quantities,  because  the 
«mperature  indicated  by  the  thermometers  employed  to  meas- 
the  superheat  of  the  steam  may  not  have  given  the  correct 
Average  for  all  the  steam  passing  through  the  drum  in  which 
they  were  placed.  All  portions  of  the  apparatus  were  well 
crovered  with  hair  felt.  This  method  of  allowing  for  the  initial 
Superheating  of  the  steam  was  checked  up  to  the  limit  of  mois- 
ture that  could  be  indicated  by  superheating  in  the  12-inch 
cirum,  and  was  found    to   agree  within  one-fifth    of   one    per 

cent. 

Whenever  the  amount  of  moisture  was  low  enough  to  cause 
the  steam  in  the  12-inch  drum  to  be  superheated,  the  percentages 
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obtained  by  weighing,  given  in  Table  I.,  were  checked  by 
the  percentages  obtained  by  calculation  from  the  superheat. 

The  basis  of  pressure  was  a  plug  device,  which  was  loaded 
with  weights  so  as  to  correspond  to  the  required  pressures.  The 
plug  was  one-half  inch  in  diameter,  and  the  hole  in  the  bushing 
into  which  it  fitted  was  0.5005  inch.  Both  the  plug  and  the 
bushing  were  ground  true,  and  were  the  work  of  the  Pratt  & 
Whitney  Company.  The  readings  obtained  with  this  plug  were 
checked  by  the  square-inch  knife-edge  piece  device  of  the 
Utica  Steam  Guage  Company,  and  by  a  mercury  column. 

To  standardize  the  thermometers,  they  were  placed  in  the 
mercury  wells  in  which  they  were  used,  or  in  similar  ones,  and 
subjected  to  a  known  pressure  of  saturated  steam.  The  cor- 
rections were  made  by  employing  Regnault's  values  for  the 
temperature  of  saturated  steam,  so  that  the  final  readings  cor- 
respond to  the  temperatures  by  an  air  thermometer.  In  gen- 
eral, if  the  entire  column  of  mercury  in  the  thermometer  is 
heated,  the  reading  indicated  by  the  same  will  be  too  high; 
whereas,  if  a  large  portion  of  the  column  of  mercury  contained 
in  the  stem  is  not  heated,  the  reading  will  be  too  low. 

The  radiation  of  the  Barrus  calorimeter  was  determined  by 
passing  superheated  steam  through  it.  The  separator  portion 
was  filled  with  water  to  a  jriven  height  in  the  glass,  and  the  tem- 
perature of  the  superheated  steam  was  adjusted  so  that  the 
water  level  remained  constant  in  the  glass.  If  the  water  in- 
creased in  height,  the  temperature  of  the  entering  steam  was 
increased  so  as  to  re-evaporate  some  of  the  water;  and  if  it  fell 
too  low,  the  temperature  of  the  steam  was  decreased.  The 
tests  were  extended  over  several  hours.  An  average  of  the  loss 
of  superheat  represents  the  losses  by  radiation.  To  determine 
the  radiation  of  the  heat  gauge  j)ortion,  the  orifice  was  removed, 
and  superheated  steam  was  passed  through  the  apparatus  at  the 
same  rate  as  if  the  orifice  had  been  present.  In  this  case  the 
loss  of  superheat  also  re]:)rescnted  the  loss  by  radiation. 

It  was  difficult  to  ascertain  the  average  temperature  of  the 
superheated  steam  entering  the  apparatus,  as  has  been  previ- 
ously explained,  and  this,  together  with  the  fact  that  the  effect 
of  radiation  should  be  considered,  led  to  experiments  to  deter- 
mine the  total  heat  of  the  superheated  steam  at  the  initial  pres- 
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sure  for  various  readings  of  the  thermometers  which  registered 
the  superheating  in  the  6-inch  drum  marked  B  in  Fig.  i.  The 
total  heat  of  the  superheated  steam  at  entrance  was  taken  as 
the  total  heat  of  saturated  steam  at  the  observed  pressure,  plus 
some  factor  corresponding  to  the  specific  heat  of  steam,  multi- 
plied by  the  degrees  of  superheating  registered  by  the  ther- 
mometers, and  this  factor  was  deduced  from  the  experiments. 

Let/i  and  ^2  t)e  the  pressure  in  the  6-inch  drum  marked 
B  in  F'ig.  I,  and  in  the  12-inch  drum  marked  A^  into  which 
the  steam  passed  after  being  throttled  by  the  valve  M ;  t^  and 
/j,  the  temperatures  of  saturated  steam  at  the  above  pressures; 
5^  and  S^,  the  temperature  of  the  superheated  steam;  H^  and 
H^,  the  total  heats  of  saturated  steam;  R,  the  heat  lost  by  ra- 
diation of  each  pound  of  steam  in  passing  through  the  appara- 
tus, and  X,  the  heat  factor,  as  above  explained.  We  then  have, 
7/2  +0.48(52-/3)  +A^  = //,  +A^(5i  -/j)     ....    (I) 

iVj  +  048  (^2  ^t.^)  ^H^  +  R 
A  ~  5    -/ 

If  the  heat  lost  by  radiation  is  deducted  from  the  total 
lieat  of  the  steam  passing  the  6-inch  drum,  we  may  then  ob- 
tain a  factor  X^,  which,  on  being  used  in  the  right-hand  mem- 
ber of  equation  ( I ),  will  give  the  total  heat  in  one  pound  of 
the  steam  when  it  leaves  the  separator,  provided  that  no  water 
is  injected  into  the  pipe.     This  factor  is,  therefore, 

S  —t 
The  data  and  calculated  values  of  A'^  are  given  in  Table 
II.  In  each  test  uniform  conditions  were-  maintained,  and  a 
crontinuous  record, was  taken  tor  from  two  to  three  hours.  Only 
the  last  portion  of  the  records  was  used  in  obtaining  the  aver- 
^.ge  data  given  in  the  tables,  as  it  was  found  that  considerable 
time  elapsed  before  the  effect  of  radiation  and  conduction  be- 
c^ame  constant. 

The  universally  accepted   figure   for  the  specific   heat  of 
55 team  is  0.48,  which  is  derived  from   Regnault's  experiments. 
I  n  these  experiments  the  range  of  temperature  was  from  about 
260  degrees  Fahr.  to  430  degrees  Fahr.     In  tests  with   throt- 
tling calorimeters  it  is  necessary  to  know  the  total  heat  of  su- 
perheated steam  at  atmospheric  pressure.  This  is  usually  taken 
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TABLE  n. 
Determination  of  heal  factor  .V'  ,  by  which  thedegrees  of  superheating, 
as  registered  by  ibermometers  placed  in  the  drum  marked  B  in  Fig.  i  must 
be  muliiplied  in  order  toubtain  a  quantity  which,  if  added  to  the  total  heat 
of  saturated  steam,  will  give  the  total  heat  of  the  superheated  steam  on  leav- 
ing the  separator,  A'.  This  factor  includes  the  effect  of  radiation,  so  that  it 
varies  with  the  amount  of  steam  flowing  through  the  apparatus.  The  read- 
ings of  the  thermometers  are  all  corrected  so  as  to  correspond  to  tempera- 
tures registered  by  an  air  thermometer. 
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as  the  total  heat  of  saturated  steam  at  atmospheric  pressure, 
plus  the  degrees  of  superheating,  times  0.48.  This  tnay  not  be 
precisely  so,  as  it  has  not  been  shown  that  the  factor  of  0.48 
applies  over  the  range  from  the  temperature  of  saturation,  or 
212  degeees  Fahr.,  to  the  lowest  temperature  of  Regnault's  ex- 
periments, or  260  degrees  Fahr. 

In  Regnault's  experiments  on  the  specific  heat  of  steam  he 
determined  the  iotal  heats  of  superheated  steam  at  two  differ- 
ent temperatures,  and  divided  the  difference  of  the  total  heats 
by  the  difference  of  temperature  in  order  to  obtain  the  specific 
heat. 

The  average  results  of  his  experiments  are  given  in  Tables 
III.  Table  IV.  contains  a  comparison  of  the  total  heats'  of  su — 
perhoaled  steam  at  atmosjfheric  pressure,  as  indicated  by  th^v 
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TABLE  III. 

Regnault's  Experiments  to   Determine  the   Specific    Heat  of 

Steam. 


Tests  with  Lowest 

.^MOUNTS  OF  SUPER- 
HKATING. 

1    Tests  with  Great- 
E.«4T   Amounts  t)F 
1       Si:permeatin(;. 

ature, 
Col.  6 
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Col. 

steam. 

c 
r  a; 

1 

1 

Temperature  of  su- 
per heated  steam, 
in  degrees  Fahr. 
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series. 
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Average 

0.4776 

J4oTE.— Regnault  remarks  that  if  we  neglect  the  first  series,  which  is  not  as  reliable  as  the 
*^t^»<^rs,  the  average  is  0.4805. 

:  jDeriments*  with  the  total  heat  calculated  by  employing  the 
cr  tor  of  0.48. 

A  graphical  representation  of  the  results  of  Regnault's  ex- 

F>^^«~iments  is  shown  in   Fig.  2.     The  average  results  of  each 

^^'"ies  of  tests  are  indicated  by  dots  enclosed  in  circles.     The 

^*"^>sses  represent  the  six  tests  which  form  the  second  series. 

'^'^     examination  of  Fig.  2,  together  with  the  figures  given  in 

^  ^-t>le  IV,  shows  that  the  results  for  the  total  heats  vary  among 

^*^^^mselves,  the  results  for  the  second  series  of   tests  being 

^^-^^^'ve  the  theoretical  value   in  which  the  specific  heat  is  taken 

^^   ^^48,  and  the  remainder  below  this  value. 

As  Regnault  remarks  that  the  first  series  of  tests  are  not 
^^  f eliable  as  the  others,  wc  will  consider  onlv  the  data  fur- 
^*^l>ed  by  the  remaining  series. 

In  Fig.  2  it  may  be  observed  that  the  six  separate  experi- 
ments of  the  second  series,  which  are  indicated  by  the  crosses, 
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TABLE  IV. 

Comparison  of  the  Total  Heats  of  Superheated  Steam  as  Deter- 
mined BY  Regnault's  Experiments  with  Values  Obtained  by 
Employing  the  Equation: 

Total  heat  in  B.  T.  U.,  above  \       ,,  ^r  r  \^  mq>^  a^.^^^^^  ..(  <..,^^^u^^»:r.^ 
32  degrees  Fahr.  \^^  ''*"*"  +  °-*^  ^  degrees  of  superheating. 
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arc  all  about  the  same  distance  above  the  line  found  by  em- 
ploying the  factor  of  0.48,  thus  showini^  that  the  experiments 
agree  well  among  themselves,  and  that  the  difference  between 
this  series  and  the  third  and  fourth  is  not  due  to  anaccidental 
variation.  The  third  and  fourth  series  of  tests  were  madt:;  with 
a  larger  calorimeter  than  was  used  in  the  second  series,  and  it 
may  be  that  the  discrepancies  in  the  total  heats  arise  from 
some  slight  error  in  estimating  the  constants  for  the  apparatus. 
Should  there  be  such  an  error,  it  would  affect  the  value  deter- 
mined for  the  specific  heat  but  little,  if  at  all,  for  the  specific 
heat  is  calculated  by  taking  the  difference  of  the  total  heats, 
and  a  constant  error  in  the  total  amounts  would  not  affect  the 
result.  As  the  average  of  the  two  results,  one  for  the  calorim- 
eter used  in  the  second  series  of  tests,  and  the  other  for  th 
larger  calorimeter  used  in  the  third  and  fourth  series  of  tests 
nearly  agree  with  the  total  heat  calculated  by  employing  th^ 
factor  of  0.48,  we  have  adoj)ted  this  factor  in  our  w-ork. 

We  have    made  a  number   of   experiments  to  show  hov^' 
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TezDperature  In  degrees  Fahrenheit 
I^IGURE   2. 

nearly  the  above  factor  is  correct  as  applied,  to  calorimeters  of 
the  throttling  principle,  by  starting  with  steam  in  a  state  of 
rest,  or  with  moving  steam  just  at  the  point  of  superheating, 
^nd  passing  it  through  a  Barrus  calorimeter.  If  the  initial 
state  of  the  steam  is  the  same  as  the  saturated  steam  of  Reg- 
riault's  experiments,  and  the  factor  of  0.48  is  correct,  then  the 
temperature  of  the  steam  after  throttling,  or  the  normal  read- 
ing, should  be  that  obtained  by  the  equation. 

Normal  rcadin^=     ^  ~  ,  ' -^-^^i 

"^        0.48  ^ 

In  the  first  series  of  experiments  to  determine  the  normal 
feading,  the  calorimeter  was  attached  to  a  vertical  nozzle,  with 
J^o  side  holes,  in  the  same  position  in  which  it  is  shown  in  Fig. 
I  .     This  vertical  nozzle  drew  the  steam  from  the  centre  of  the 
tiliree-inch  pipe.     It  was  found  that,  with  no  other  steam  flow- 
i  ng  through  the  pipe  than  that  which  passed  into  the  calorim- 
eter, the  temperature    of    the  steam   leaving   the  calorimeter, 
Corrected    for  radiation,  with   an   initial  steam   pressure  of  80 
pounds,  was  283  degrees  Fahr.     When  the  valve  M  was  opened 
So  as  to  allow  the  steam  to   pass  the  calorimeter  nozzle  at  a 
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considerable  velocity,  higher  normal  readings  were  obtained 
than  for  steam  in  a  state  of  rest,  provided  the  steam  wa^  ini- 
tially superheated,  and  was  brought  down  to  a  state  of  satura- 
tion by  injecting  water  into  it.  In  such  tests  the  excess  of 
water  was  drawn  out  by  the  separator  K,  and  the  steam  which 
passed  into  the  calorimeter  was  drawn  from  the  steam  after 
this  excess  of  moisture  was  removed.  In  these  tests  fhe  tem- 
perature of  the  steam  in  the  three-inch  pipe  was  measured  near 
the  calorimeter  nozzle  by  means  of  a  thermometer,  the  bare 
bulb  of  which  came  in  direct  contact  with  the  steam,  and  by 
means  of  a  thermometer  placed  in  a  mercury  well  having  a 
thin*  neck,  of  the  form  already  described. 

With  the  above  arrangement,  it  was  impossible,  however, 
to  bring  the  steam  in  the  three-inch  pipe  just  up  to  the  point 
of  superheating,  and  hold  it  at  this  point  long  enough  to  obtain 
reliable  readings.  The  apparatus  shown  in  Fig.  3  was  therefore 
constructed. 


Figure  3. 

In  this  apparatus  the  steam  was  admitted  at  A,  and  flowed 
into  the  horizontal  pipe,  B,  where  it  was  superheated  by  means 
of  the  gas  burners,  L.  The  temperature  of  the  superheated 
steam  was  measured  at  C.  A  small  stream  of  water  was  allowed 
to  flow  over  the  pipe  M  in  some  of  the  tests,  so  as  to  produce=^ 
any  desired  degree  of  wetness  in  the  steam.  The  wet  stea 
was  passed  upward  through  the  vertical  pipe,  Z>,  which  con 
tained  an  augur-shaped  piece  which  tended  to  thoroughly  mi 
the  water  with  the  steam.      The  steam  leaving  D  was  passe 
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through  a  smaller  pipe  into  the  lower  part  of  the  vertical  pipe, 
£,  which  contained  a  long  mercury  well  for  measuring  the 
temperature.  The  steam  then  passed  into  the  side  of  the 
three-inch  pipe,  P,  which  was  placed  at  an  angle  of  about  30 
degrees,  so  that  any  moisture  deposited  in  the  pipe  ran  down- 
ward and  was  drawn  out  at  the  drip,  /.  The  pressure  was 
measured  by  means  of  the  gauge,  H.  The  thermometer  at  F 
was  placed  in  a  mercury  well  having  a  thin  neck,  and  that  at 
G  passed  through  a  stuffing-box,  so  that  its  bulb  came  in  direct 
contact  with  the  steam.  The  calorimeter  nozzle  had  no  side 
holes,  and  projected  upward  into  the  three-inch  pipe  so  as  to 
draw  steam  from  the  centre  of  the  same.  /  is  a  valve  that  was 
opened  in  some  experiments  where  the  steam  was  made  to 
flow  past  the  calorimeter  nozzle. 

All  parts  of  the  apparatus,  except  the  horizontal  pipe,  M, 
and  the  superheating  pipe,  B,  were  thoroughly  covered  with 
felting,  to  diminish  the  radiation.  With  this  apparatus  the 
steam  could  be  brought  just  to  the  point  of  superheating,  and 
could  be  maintained  in  this  condition  for  a  considerable  period 
of  time ;  and  it  was  found  that  the  normal  reading  of  the  cal- 
orimeter for  steam  in  this  condition  was  286  degrees  Fahr.  The 
minimum  normal  reading  was  283  degrees  Fahr.,  which  agreed 
with  the  experiments  already  described,  where  the  calorimeter 
was  attached  to  a  vertical  nozzle  with  no  side  holes,  which  pro- 
jected upward  into  a  horizontal  three-inch  pipe.  The  theoreti- 
cal normal  reading  for  an  exit  pressure  corresponding  to  a 
temperature  of  213  degrees  Fahr.,  which  was  the  temperature 
indicated  by  the  Barrus  calorimeter  with  saturated  steam  at 
exit,  was  283.5  degrees  Fahr.;  so  that,  starting  with  steam  in  a 
state  of  rest,  the  normal  reading  for  steam  which  is  slowly 
condensing  is  about  the  same  as  the  theoretical  normal  read- 
ing employing  the  factor  of  0.48. 

It  is  probable  that  the  variation  of  the  normal  readings 
with  quiescent  steam  is  due  to  the  presence  of  mist  in  the 
steam.  As  the  steam  becomes  drier  this  mist  is  evaporated  so 
that  when  the  steam  is  just  at  the  point  of  superheating  the  nor- 
mal reading  is  higher  than  it  is  for  steam  which  contains  mist. 
With  steam  in  a  quiescent  state  in  a  pipe,  and  which  is  under- 
going condensation  on  account  of  the  radiation  of  the  pipe  the 
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normal  reading  corresponds  to  that  steam  containing  the  maxi- 
mum amount  of  mist. 

That  there  may  be  a  difference  in  the  condition  of  steam 
at  a  given  temperature  and  pressure  was  appreciated  by  Pro- 
fessor Rankine,  who  makes  thf*  statement  that  a  vapor 
near  the  point  of  liquefaction  has  the  power  of  retaining 
suspended  in  it  a  portion  of  its  liquid  in  a  state  of  cloud 
or  mist. 

With  steam  initially  just  at  the  point  of  superheating,  a 
slightly  lower  value  of  the  factor  for  the  specific  heat  should  be 
employed,  to  make  the  theoretical  normal  reading  conform 
with  that  obtained  by  experiment.  We  cannot,  however,  say 
which  of  the  above  states  of  steam,  or  if  either  of  the  above 
states,  are  the  same  as  in  the  steam  used  in  Regnault's  experi- 
ments. 

The  method  adopted  by  Mr.  Barrus  to  determine  the  nor- 
mal reading  is  to  obtain  the  indications  of  the  calorimeter  when 
supplied  with  steam  from  the  pipe  to  which  it  is  connected, 
when  the  latter  is  open  to  the  boilers,  and  there  is  no  flow  of 
steam  through  it,  so  that  the  pipe  contains  what  Mr.  Barrus 
calls  "  dead  steam."  *  Our  tests  at  80  pounds  pressure  show, 
as  we  have  already  stated,  that  results  obtained  in  this  way 
agree  with  the  theoretical  normal  readings,  provided  the  sam- 
ph:  is  taken  from  a  horizontal  pipe  by  means  of  a  vertical  noz- 
zle with  no  side  holes.  In  the  case  of  a  nozzle  with  side  holes, 
placed  in  a  vertical  pii)e,  however,  we  have  not  been  able  to 
obtain   correct  normal   readings,  apparently   because  of  water 

which  trickled  down  the  side  of  the   pipe  or   fell   through  the 
steam  and  entered  the  nozzle. 

METHOD  OF  COMPUTING  THE  TRUE  PERCENTAGE  OF  MOISTURE 
IN  THE  STEAM  FLOWING  THROUGH  THE  THREE-INCH  HORI- 
ZONTAL   I'IPE. 

The  method  which  has  already  been  described  consisted  in 
determining  the  percentage  of  moisture  in  the  mixture  of  steam 
and  the  known  weight  of  injected  water.  The  data  and  calcu- 
lations in  detail  for  test  No.  9  of  Table  I.  are  as  follows: 


*  Boiler  Tests,  by  Geo.  H.  Barrus,  p.  259. 
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1.  Duration  of  selected  interval  for  which  the  average  data  is  ob- 

tained, in  minutes 30 

2.  Steam  condensed  in  the  condenser  R,  in  pounds  per  hour 1476 

3.  Steam  passing  through  orifice  of  Barrus  calorimeter  Z,  in  pounds 

per  hour 58 

4.  Water  drawn  from  separator  of  Barrus  calorimeter,  in  pounds 

per  hour 4..  10 

5.  Total  steam  and  entrained  water  leaving  the  separator  A',  in 

pounds  per  hour  =  line  2-f  line  3-l-line  4=  IV, 1538 

6.  WateF  injected  at  P,  in  pounds  per  hour -w 45 .6 

7.  Temperature  of  water  injected  at  F,  in  degrees  Fahr.  =  /' 72.6 

8.  Pressure  of  steam  at  /,  in  pounds  per  square  inch  above  at- 

mosphere         80.0 

9.  Sensible  heat  of  steam  corresponding  to  pressure  at  /,  in  B.  T. 

\5,-h 326.9 

10.  Temperature  of  steam  corresponding  to  pressure  at/,  in  degrees 

Fahr.  =  /' ' 323.7 

11.  Latent  heat  of  steam  corresponding  to  pressure  at  /,  in  degrees 

Fahr.  =  Z 885.7 

12.  Temf)erature  of  superheated  steam  before  injecting  water,  as 

registered  by  the  thermometer  Z>,  in  degrees  Fahr.  =  /"  ' 352  4 

13.  Weight  of  the  injected  water  w  that  was  evaporated  into  steam 

on  mingling  with  the  superheated  steam,  in  pounds,* 

0.47 (/••'— /")(H^—7i^)-  7t'(^--n 


9.6 


14.  Total  weight  of  water  in  the  mixture  of  steam  and  water=line 

6 —  line  13 36.0 

15.  True  percentage  of  moisture  in  steam  on  reaching  the  Barrus 

calorimeter  at  L  -  line  14X100  -!  line  5 2.3 

i^-  Water  entering  the  twelve-inch  drum  ^V,  in  pounds  =  line  14  — 

line  4 31.9 

'  ^«   True  percentage  of  moisture  in  steam  in  twelve-inch  drum^ 

line  16  X  100 -r- line  2 2.2 

^-«A.LCULATION     OF      PeRCENTACJK     OF     MoiSTURE     INDICATED     BY       THE 

Barrus  Calorimeter. 

'  -    Weight  of  water  drawn  from  separator  per  hour,  in  pounds 4. 10 

^-  Weight  of  steam  flowing  through  orifice,  in  pounds  per  hour. . .  58 

3  «    Temperature  after  throttlinix,  in  degrees  Fahr 281 

•4-  -     Correction  for  radiation  of  heat  gauge,  in  degrees  Fahr 2.0 

S  -     Correction  for  radiation  of  separaft)r,  in  degrees  Fahr 3.9 

^-  Correction  for  radiation  of  horizontal  half-inch  pipe  leading  from 

nipple  to  separator,  in  degrees  Fahr I .  i 


'•In  the  tests  in  which  there  was  a  hijjh  percentage  <»f  moisture  the  injected  water 
'*Hclensed  a  portion  of  the  steam  instead  of  being  partly  evaporated.  The  factor  of  0.47 
^    <^btained  from  the  experiments  given  in  Table  II. 
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7.  Temperature  of  steam  after  throttling,  corrected  for  radiation 

of  heat  gauge,  in  degrees  Fahr 283 

8.  Percentage  of  moisture  in  steam  leaving  separator 0 

9.  Percentage  of  moisture  removed  by  the  separator  of  the  Barrus 

calorimeter  =  line  i  X  100 -j- (line  i  -f  line  2) 6.6 

10.  Correction  for  radiation  of  separator  and  half-inch  pipe  in  per 

5.0  X  0.48  X  100 

^^"'•=    "88?:^^ — °-3 

11.  Percentage  of  moisture  indicated  by  Barrus  calorimeter  =  line 

9  —  line  10 6.3 

Determination  of  the  Percentage  of  Moisture  indicated  by  the 
Superheating  Observed  in  the  Twelve-inch  Drum  marked  .V 
IN  Fig.  I. 

1.  Pressure  of  steam  before  throttling,  in  pounds  per  square  inch 

above  atmosphere  =  /^ 80 

2.  Pressure  of  steam  after  throttling,  in  pounds  per  square  inch 

above  atmosphere  -  p^ 0.9 

3.  Sensible  heat  corresponding  to  pressure  /,   =  ^^ 326.9 

4.  Latent  heat  corresponding  to  pressure p^  -  L^ 885.7 

5.  Total  heat  corresponding  to  pressure  p^  -  H^ >  '79-  5 

6.  Temperature  corresponding  to  pressure /j  =  /, 215.0 

7.  Temperature  of  superheated  steam  after  throttling  =  S^ 240.2 

o    ^     ,.        r  //, +0.48(52--/,)  — //. 

8.  Quality  of  steam  =      ^       -^    ^    "^       ^ ^ 0.976 

^\ 

9.  Percentage  of  primiiii;  =  100  (1     -line 8) 2.4 

SUMM.VnON    FOR    THE    SINCiLE    TEST    COMPUTED    ABOVE. 

1.  The  steam  passing  into  the  Barrus  calorimeter  contained 
6.3  per  cent,  of  moisture,  whereas  the  average  percentage  con- 
tained in  the  steam  flowing  through  the  three-inch  pipe  to 
which  the  calorimeter  was  attached  was  2.3  per  cent, 

2.  The  percentage  of  moisture  in  the  steam  entering  th 
twelve-inch  drum  was  2.2,  whereas  the  percentage  calculate 
from  the  amount  of  superheating  was  2.4  per  cent.  A  numb 
of  comparisons  of  this  kind  were  made,  to  check  the  moistur 
indicated  by  the  superheating  in  the  twelve-inch  drum,  and  i 
each  case  the  results  agreed  w-ith  each  other  within  an  averag 
figure  of  ^  of  I  per  cent.,  the  difference  being  sometimes  in  on 
direction  and  sometimes  in  the  other. 
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(Schmidt  System.) 

BY  PROFESSOR  M.  SCHROETER,  OF  THE  TECHNICAL  HIGH  SCHOOL 

IN  MUNICH. 

Translated  by  Albert  F.  Ganz,  '95.* 

A  summary,  arranged  by  the  translator,  of  the  results  ob- 
tained by  Professor  Schroeter  in  his  tests  of  this  remarkable 
engine  plant,  is  here  placed  before  the  reader,  in  advance  of 
Professor  Schroeter's  paper,  in  order  that  the  attention  of  en- 
gineers may  be  arrested  by  the  high  performance  recorded,  and 
their  interest  excited  to  learn  the  design  of  this  novel  plant,  the 

ethods  adopted  in  the  test,  and  the  conclusions  arrived  at  by 

e  distinguished  author  in  his  report. 

synopsis  of  general  results  of  test  (compiled  by 

translator). 

Test  I.  Test  2. 

uration  of  test hours  6.1  7 .  73 

verage  boiler  pressure  gauge lbs.  168.0  170.00 

emp.  of  saturated  steam  at  this  pressure,  °F.  373.8  374.00 

verage  actual  temp,  of  steam "^F.  662.0  675.00 

egrees  of  superheating 288 .2  301 .  00 

otal  weight  of  coal  used lbs.  601 .0  747.00 

oal  used  per  hour "  98 . 5  96 . 60 

T^otal  weight  of  water  evaporated '*  4740.0  5924.00 

^Vater  evaporated  per  hour "  777-^  766.00 

^vaporationof  boiler, per  pound  of  coal, actual  7.88  7.93 
Evaporation  of  boiler  per  pound  of  coal  from 

and  at  212°  F 10.2  10.40 

Average  Brake  H.  P 61 .7  62.20 

Average  I.  H.  P 71-25  75- 37 

Friction %  14.0  18.00 

Coal  used  per  hour  per  brake  H.  P lbs.  1.60  1.55 

Coal     "       "        "       *•     I.  H.  P *'  1.38  1.28 

Water"       "       '*       '*     brake  H.  P *'  12.6  12.3 

Water"       "       "       "     I.  H.  P **  10.9  10.16 

♦  From  Zeitschrift  des  W'reins  Deutscher  Ingenieure,  Band  xxxix. 
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PROFESSOR  SCHROETER's  REPORT. 

After  the  progress  in  the  construction  of  steam  engines,  made 
possible  by  raising  the  steam-pressure  and  dividing  the  expansion 
among  several  cylinders,  h:id  again  reached  its  limit,  the  atten- 
tion of  engine  buildjrs  was  once  more  directed  toward  super- 
heating the  ste.'im.  This,  as  is  well  known,  had  been  practically 
tried  in  a  few  places  some  forty  years  ago,  but  it  was  soon  aban- 
doned. The  reasons  for  abandoning  it  were  manifold.  Proba- 
bly the  great  improvements  made  by  Sulzer  and  Corliss  marked 
the  deciding  direction  of  progress;  for  the  results  obtained  by 
expanding  even  saturated  steam  in  several  cylinders  were  far 
ahead  of  those  previously  derived  from  superheated  steam;  and 
the  extreme  difficulties  encountered  in  the  use  of  the  latter, 
which  difficulties  could  hardly  be  overcome  in  those  years, 
were  now  entirely  eliminated. 

In  the  meantime  a  clear  understanding  of  the  thermal 
changes  occurring  between  the  cylinder  wall  and  the  steam  had 
been  reached  through  the  labors  of  Hirn  and  the  Alsace  School; 
and,  by  means  of  the  triple  expansion  engine,  which  so  rapidly 
came  to  the  front,  the  greatest  economy  was  effected  which  is 
possible  with  all  improvements  in  the  application  of  saturated 
steam.  The  time  had  come  at  which  those  versed  in  the  state 
of  the  art  were  prepared  to  take  up  superheating  again;  and 
there  resulted  a  steadv  development  of  the  system  in  connec- 
tion  with  the  early  constructions  and  the  application  of  the 
most  modern  improvements,  more  particularly  in  Alsace,  the 
classical  home  of  our  modern  views  of  the  steam  engine.  The 
results  so  far  made  known  ^  show  the  fact  that  the  final  im- 
provements in  the  steam  engine  must  be  in  this  direction. 

For  these  reasons  the  writer  was  [)articularly  interested, 
when  called  ui)on  in  the  summer  of  1894.  to  make  a  test  of  an 
engine  built  according  to  an  entirely  new  system,  called  by  its 

(ij  Walther-McunitT:  Aiiwcndun.i,^  dt-r  I)ainj)fiieberhitzunt^,  .Strassbiir- 
ger  Verla^saiistalt.  i8()i, 

Cieschaeftsl)erichto  des  Klsacssischen  WtcIiis  der  Dainpfkesselbesitzer, 
1 890- 1 894. 

Reischle  :  \'crsiicht'  init  l)ain}>fuel)frlut/eni,  Zcitschr.  Deutsch.  Ingen., 
i8<)2     p.  505:  i8()4     p.  52^>. 

Jahresherichte  des  HayrischtMi  Danipfkcssel  Revisions  \'ereins,  1893. 
Busley  :   /eitschr.  DeutscJi.  Ingen.,  1888     p.  442. 
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inventor,  VVm.  Schmidt.  C.  E.,  of  Wilhelmslioehe,  a  superheated 
steam  engine.  This  engine  attracted  well  deserved  notice,  not 
only  because  the  result,  which  could  have  been  arrived  at  only  by 
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a  gradual  development,  was  boldly  predicted  by  its  inventor, 
and  a  temperature  of  662°  F.  of  superheated  steam  Jused;  but, 
also,  because  entirely  new  and  peculiar  methods  of  construction 
were  employed  to  secure  a  reliable  and  simple  operation  of  the 
plant.  The  engine  in  question,  built  at  Cassel,'  is  the  first 
compound  engine  constructed  under  the  -Schmidt  -system.* 
The  boiler,  *  as  shown  in  FIejs.  1  to  4,  is  upright,  and  of 
the  ordinary  tubular  form.     On  top  of  this  is  placcdthe  super- 


(2)  111  (ler  MaschUienhaufabrik  A-G,  vormals  Beck  &  Henkel.  Zeil- 
schr.  Deutsch.  liiKcn.,  1&J4— p.  1437. 

(3)  The  first  sujierheaied  steam  eiiKine  has  been  in  constant  use  for  the 
past  two  years;  in  cnnsei|uence  of  the  k<mh1  results  obtained  S(nne  sixteen 
firms  have,  in  the  meaiitinu-,  secured  the  right  for  their  manufacture. 

(4I  Fur  a  detailed  descri[itioii  of  the  boiler,  see  Zeitschr.  Deutsch.  In- 
j;en.  i£8q-ii.  820;  Journal  of  the  InHTiialional  Alliance  of  Boiler  Inspectors' 
Associations. 
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heater,  consisting  of  wrought  iron  spiral  tubes.  The  separate 
spirals  are  connected  with  each  other  by  means  of  socket  joints, 
and  the  spirals  can  be  cleaned  and  renewed  through  doors  placed 
in  the  surrounding  shell..  The  two  lowest  spirals  constitute  the 
first  superheater,  into  which  the  steam  enters  from  the  boiler  at 
the  bottom.  The  remainder  of  the  spirals  constitute  the  prin 
cipal  superheater,  and  this  is  connected  to  the  first  by  means  of 
a  large  vertical  tube,  known  as  the  after-evaporator.  The  steam 
coming  from  the  first  superheater  enters  the  after-evaporator  at 
the  bottom,  and.  after  passing  up  through  it,  circulates  down- 
^'ard  through  the  principal  superheater,  and  from  there  passes 
through  a  check-valve  to  the  engine. 

The  gases  from  the  furnace  may  pass  directly  to  the  chim- 
ney through  a  flue  in  the  centre  of  the  spirals;  when  this  is 
c:losed,  however,  by  a  trap,  they  must  circulate  about  the  tubes 
of  the  superheater  in  order  to  reach  the  chimney.  When  start- 
ing the  furnace,  the  superheater  is  cut  out  entirely  by  means  of 
the  trap,  which  latter  also  serves  to  adjust  the  degree  of  super- 
heating when  the  plant  is  running.  In  the  present  case,  having 
to  deal  with  water  free  from  sediment,  it  was  possible  to  place 
sbove  the  superheater  a  feed-water  heater  of  similar  construc- 
tion. 

The  principle  underlying  the  construction  of  this  boiler  is 
^s  follows  :  A  comparatively  small  heating  surface  is  employed 
(equal  to  i  sq.  ft,  for  9  to  10  lbs.  of  water  per  hour),  so  as  to 
obtain  wet  steam  from  the  boiler.  The  tubes  of  the  first  super- 
heater are  exposed  to  the  highest  temperature  of  the  gases; 
but  these  have  to  absorb  a  large  quantity  of  heat  to  evaporate 
the  water  mixed  with  the  steam,  and  are  in  this  way  guarded 
Hgainst  too  great  a  rise  of  temperature.  This  involves  a  sort  of 
self-regulation;  for,  if  the  firing  is  very  strong,  the  amount  of 
water  carried  over  with  the  steam  will  be  large,  and,  conse- 
quently, a  large  amount  of  heat  will  be  absorbed  in  the  first 
superheater  so  as  to  evaporate  this  water.  In  this  way,  the 
danger  of  burning  out  the  tubes  is  overcome. 

From  the  first  superheater  the  steam  enters  the  large  ver- 
tical tube,  called  the  after-evaporator,  for  the  reason  that  its 
object  is  to  give  the  water  in  the  mixture  of  saturated  and 
superheated  steam  a  chance  to  evaporate  at  the  expense  of  the 
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latter.  That  such  an  exchange  does  take  place  is  shown  by 
the  fact  that  the  temperature  of  the  steam  on  leaving  the  tube 
is  from  90  to  120  degrees  lower  than  on  entering. 

The  steam  consequently  enters  the  principal  superheater 
at  a  temperature  only  slightly  higher  than  that  corresponding 
to  its  pressure,  and  at  a  point  where  the  temperature  of  the 
gases  is  lowest.  Inasmuch  as  the  steam  is  flowing  in  the  oppo- 
site direction  to  the  gases  it  can  easily  leave  at  the  bottom 
at  a  temperature  of  662°  F.  without  allowing  the  gases  to  enter 
the  chimney  at  a  higher  temperature  than  400°  F. 

The  dimensions  of  the  boiler  are  given  in  the  following 
table  : 

Total  heating  surface 96.0  sq.  ft. 

Not  effective,  owing  to  masonry 21.0  " 

Effective  heating  surface 75-0  ** 

Heating  surface  of  first  superheater 64.6  ** 

"  "  "    principal     *'        350.0  " 

"  '*  "    feed-water  heater 129.0  ** 

Grate  surface 7.5  ** 

Steam  pressure,  gauge,  lbs.  sq.  in 170.0 

The  tubes  forming  the  superheater  are  2.36  inches  inside 
diameter,  and  .197  inches  thick;  those  forming  the  feed-water 
heater  arc  1.24  inches  inside  and  .197  inches  thick.  The  clear 
width  of  the  boiler  is  4.92  feet,  and  its  total  height  is  17.39  feet. 
A  good  quality  of  hard  coal  was  used  for  fuel;  the  composition 
of  the  coal  as  well  as  its  calorific  power  is  given  further 
on.  The  water  was  fed  by  a  pump  operated  by  the  engine 
itself. 

The  engine,  shown  in  Figs.  5  and  6,  is  of  the  vertical  tandem 
type,  having  two  cylinders  set  one  directly  above  the  other 
without  an  intervening  stuffing-box,  and  having  a  trunk-shaped 
differential  piston,  from  which  the  motion  is  transmitted  in  the 
ordinary  manner  to  the  fly-wheel  shaft  placed  below.  The  high- 
pressure  cylinder  is  above,  and  the  annular  space  below  constitutes 
the  low-pressure  cylinder,  both  being  single-acting.  Instead, 
however,  of  placing  the  lower  end  of  the  piston  in  communica- 
tion with  the  atmosphere,  the  low  cylinder  is  closed  by  a  cylin- 
der head  with  a  stuffing-box,  and  a  space  is  thus  gained  which 
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serves  the  double  purpose  of  a  receiver  and  of  a  third  and 
latter  cylinder,  whose  volume  is  equal  to  that  swept  through 
by  the  largest  face  of  the  piston.  In  the  high-  and  low-pressure 
cylinders  the  steam  presses  downward  on  the  piston,  while  this 
pressure  acts  upward  in  the  receiver.  When  the  piston  descends 
there  is.  during  admission  and  expansion,  a  higher  pressure  in 
the  high  cylinder  than  in  the  receiver,  consequently  producing 
a  resultant  downward  pressure  on  the  piston;  in  the  low  cylin- 
der there  is,  during  admission,  receiver  pressure  on  both  sides 
of  the  piston,  while  during  expansion  the  upward  pressure  is 
increasing,  and  becomes  equal  to  the  pressure  in  the  high  cyl- 
inder just  before  the  dead  point.  At  this  point  the  high  cylin- 
der is  placed  in  communication  with  the  receiver,  and  the  low 


cylinder  with  the  condenser.  When  the  piston  rises  there  is, 
therefore,  equal  pressure  on  both  sides  of  the  high  cylinder 
piston,  while  there  is  vacuum  on  the  upper  face  of  the  low  pis-  ' 
ton  and  receiver  pressure  below  it,  so  that  a  resultant  upward 
pressure  acts  during  the  ascent  of  the  piston.  In  this  way  a 
double  action  is  secured  which  helps  the  uniformity  of  the  mo- 
tion. That  the  receiver  gives  a  diagram  of  positive  work,  which 
must  be  added  to  the  other  diagrams  as  that  of  a  third  cylinder, 
is  shown  in  Fig.  8,  in  which  the  three  sinusoid-s  represent  the 
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variations  in  volume  of  the  three  acting  surfaces  of  the  piston; 
this  diagram  will  be  explained  more  fully  further  on.  The  en- 
gine is,  in  fact,  a  three-cylinder  engine,  only  not  in  the  usual 
sense,  for  the  expansions  do  not  take  place  consecutively  in  the 
three  cylinders,  and  the  cylinder  which  connects  with  the  con- 
denser is  intermediate  in  size. 

The  receiver  consists  of  two  parts,  one  of  constant  and  the 
other  of  variable  volume;  the  volume  of  the  first  is  represented 
by  a-b  in  Fig.  8,  being  drawn  on  a  much  smaller  scale  than  the 
other  volumes.  The  abscissas  of  the  sinusoid  c-d-e  give  the 
volumes  of  the  variable  part.  At  the  upper  dead  point  this 
volume  equals  the  sum  of  the  volumes  of  the  high  and  low  cyl- 
inders and  it  becomes  zero  at  the  lower  dead  point.  If  no 
steam  were  added  or  taken  away  from  the  receiver  the  work  of 
compression  on  descending  would  exactly  equal  the  work  of 
expansion  on  rising;  but,  since  steam  is  taken  away  to  fill  the 
low  cylinder  when  the  piston  descends,  and  steam  comes  in 
from  the  high  cylinder  when  it  rises,  a  higher  mean  upward 
than  downward  pressure  is  obtained,  and  positive  work  is  done 
in  the  receiver. 

This  work  is  inversely  proportional  to  the  volume  of  the 
receiver,  and  becomes  zero  for  an  infinite  volume.  In  the  pres- 
ent case,  a  largo  receiver  is  eniploNed,  its  greatest  volume  being 
3.31  and  its  least  2.06  times  the  volume  of  the  large  cylinder. 
The  work  doue  in  it  is  therefore  small;  for  it  is  not  necessary 
to  divide  the  range  of  temperature  among  the  three  cylinders, 
as  the  highly  superheated  steam  ma\'  fall  considerably  in  tem- 
perature without  loss  by  condensation,  and  the  low  cylinder  is 
amply  heated  by  the  steam  in  the  surrounding  receiver.  Not 
only  are  the  cylinder  hegid  and  piston  heated,  but  the  cylinder 
walls  themselves  are  heated  by  contact  with  receiver  steam  just 
before  the  low-pressure  steam  enters  the  cylinder. 

The  low-pressure  cylinder  is  controlled  by  a  slide  valve  of 
the  ordinary  form,  from  which  the  motion  for  the  exhaust  of 
the  high  cylinder  is  obtained.  I'\)r  the  admission  of  the  high  cyl- 
inder a  valve  is  used  which  is  automatic  in  its  action,  and  whose 
throw  is  varied  by  a  governor.  This  peculiar  apparatus  is 
shown  in  Fig.  9.  High-pressure  steam  presses  down  on  the^ 
valve;  and  a  spring,  together  with   the  pressure  of  the  com — 
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pressed  steam  in  the  clearance  space,  press  upward,  tending  to 
open  the  valve.  When  the  upward  exceeds  the  downward 
pressure,  the  valve  is  opened  an  amount  which  depends  upon 
the  particular  position  of  the  governor.  A  change  in  the  latter 
produces  a  corresponding  change  in  the  throw  of  the  valve,  by 
means  of  an  intervening  cam,  as  may  be  seen  from  the  figure. 


Fig.  9 


7h  &9tr€rn0r 


-As  long  as  the  pressure  above  and  below  the  valve  is  about 

equal,  it   w^U   remain    open;   but,  when   the   piston    descends 

and  steam  rushes  through  the  valve,  there  results  an  excess 

of  downward  steam   pressure,   which  increases  as   the    piston 

speed    increases,   and,  finally,  overcomes   the   tension   of  the 

spring    and   closes  the   valve.     If  the  throw   of  the  valve    is 

great  this   will  occur  late,    for  a    high    piston  speed   will    be 

required  to  produce  a  sufficient  velocity  of  steam  to  overcome 

the  tension  of  the  spring.     The   work  done  by  the  governors 

is  small,  having  only  to  turn  a  spindle  carrying  the  cam,  the 

Use    of    an   air   dash   pot    preventing   too    sudden    motion   of 

the  valve. 

When  starting  the  engine,  the  cylinder  walls  are  cold,  and 
the  pressure  of  the  compression  may  not  be  sufficient  to  open 
the  valve.  In  this  event  the  piston  strikes  a  projecting  pin  just 
Viefore  the  dead  point,  which  opens  the  valve  and  secures  the 
starting  of  the  engine.  This  peculiar  controlling  mechanism 
Wcrks  perfectly,  and  the  diagrams  to  be  considered  later  will 
show  that  the  distribution  of  the  steam  is  all  that  can  be  de- 
sired; the  fact  that  throttling  during  admission  takes   place. 


•    • 


•     • 


•    •    • 


•    •    •    • 
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owing  to  the  action  of  the  valve,  can  well  be  neglected  when 
we  consider  the  economical  working  of  the  machine. 

This  very  simple  admission  valve  is,  without  doubt,  a  solu- 
tion of  the  problem  which,  particularly  for  superheated  steam, 
could  not  be  more  suitable.  The  inventor  has  applied  this 
valve  with  equal  success  to  the  high  cylinders  of  compound 
engines  and  to  operate  the  exhaust  of  non-condensing  engines. 

The  condenser  consists  of  cast-iron  pipes,  over  which  the 
water  falls  cascade-like.  The  vacuum  pump  is  of  the  vertical 
type  and  single-acting,  having  a  cylinder  ii  inches  diameter 
and  6.4  inches  stroke,  the  valves  being  of  rubber. 

The  general  dimensions  of  the  engine  are  given  in  the  fol- 
lowing table  :  Cylinder  i.    Cylinders,    Receiver. 

Diam.  of  piston,  in 12.3  27.1 

Net  piston  area,  sq.  in 1 17-74      461 .85 

Stroke,  ft • i  .64  i  .64 

Net  volume  of  cylinder,  cu.  ft. . . .      i .  34  5 .  26 

Clearance,  per  ct 7.0  3-56 

Least  volume  at  lower  dead  point 

(constant),  cu.  ft ....      10.86 

Net  volume  swept  through  by  large 

piston,  cu.  ft ....       6. 55 

Greatest    volume   at    upper   dead 

point,  cu.  ft ....      17.41 

Ratio  of  net  working  volumes.  ...      i  .0  3-9-       4.88 

The  object  of  the  test  was  primarily  to  measure  the  coal 
used  per  hour  per  brake  II.  P.,  which  had  been  guaranteed  not 
to  exceed  1.79  lbs.;  the  water  consumption  per  1.  H.  P.  was 
also  measured.  The  cni^ine  was  new,  having  been  put  into  op- 
eration but  a  few  cla\'s  before  niakin<j  the  test.  Two  tests  were 
made  at  the  works  of  Heck  &  Henkel.  Cassel,  with  the  aid  of 
two  assistants,  and  under  conditions  considered  to  be  normal. 
No  interruptions  of  any  kind  occurred  during  the  tests.  All 
precautions  were  taken  to  secure  the  hii^hest  degree  of  accu- 
racy obtainable  in  a  test  of  this  kind.  The  indicator  springs 
were  tested  at  the  Laboratoriuni  fuer  Maschinenlehre  in  Mu- 
nich, and  the  thermometers  were  compared  with  a  standard 
from  the  Phvsikalisch-Technischen  Reichssanstalt.  The  chim- 
ney  gases  were  analysed  by  an  engineer  experienced  in  this  work. 
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The  effective  work  was  measured  by  means  of  a  Prony 
brake  attached  to  the  rim  of  the  fly-wheel,  equilibrium  being 
readily  maintained  by  means  of  a  scale,  as  sufficient  cooling 
water  was  at  hand.     The  results  follow  : 

-^  ^  Duration  Average  rev.  Brake  weight,  ,,    ,     ,,    „ 

Date.  X  *    *  .     *  lu  Brake  H.  P. 

of  test.  per  minute.  lbs. 

July  28     6  h.  6  m.         116. 3  245,8  61.7 

**      30     7  h.  44  m.       117. 3  245.8  62.2 

The  peculiar  action  of  the  engine  makes  it  desirable  to  con- 
sider the  form  of  indicator  diagrams  to  be  expected.  Figures 
10  to  17  show  these  diagrams;  one  set  is  constructed  assuming 
that  release  does  not  occur  in  the  high  cylinder  before  the  end 
of  the  stroke,  and  that  no  fall  of  pressure  exists  between  the 
two  cylinders.  The  other  set  assumes  release  to  occur  before 
the  end  of  the  stroke  and  a  fall  in  pressure  between  the  cylin- 
ders. The  combined  diagram^  for  each  case  is  also  con- 
structed. The  curves  of  piston  displacements  are  shown  in 
Figure  8.  three  strokes  being  represented.  The  phases  of  the 
steam  distribution  will  be  understood  from  the  notes  on  the 
figure.  Expansion  is  represented  by  horizontal,  and  compres- 
sion by  vertical,  shading. 

Both  groups  of  diagrams  have  hyperbolas  for. expansion 
and  compression  lines,  the  scales  for  pressures  for  the  various 
diagrams  being  proportional  to  the  respective  volumes,  so  that 
the  areas  of  the  cards  are  as  the  work  done  in  the  respective 
cylinders.  In  the  diagrams  with  drop  in  pressures,  the  cut-off 
is  reduced  to  the  admission  line,  so  as  to  afford  a  comparison 
with  actual  cards.  Of  the  latter,  one  set  for  each  test  is  repro* 
duced  in  Figures  18  to  25,  and  the  combined  diagrams  are  con- 
structed. By  inspection  these 'arc  seen  to  agree  in  form  with 
the  theoretical  cards,  excepting,  of  course,  the  throttling  during 
admission  and  rounding  of  corners.  The  admission  line  of  the 
high  cylinder  shows  the  peculiar  effect  of  the  automatic  valve. 
The  even  run  of  M.  E.  P.  in  the  different  diagrams  shows  that  at 
constant  speed  the  cut-off  is  also  nearly  constant.  The  occasional 
action  of  the  governor  is  seen  from  the  curves  in  Figs.  26  and  27. 
The  latter  diagram  was  run  oxer  twenty  times,  and  it  is  seen 

(i)  For  method  of  ct^mbining  see  Zeitschr.  Deutsch.  Iiig.  1884,  p.  191 ; 
1890,  p.  553- 
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that  the  curves  do  not  overlap,  which  is  due  to  small  variations 
in  the  positions  of  the  governor;  but  the  effect  does  not  extend 
beyond  the  expansion  period  of  the  high  cylinder.  The 
governor  should  have  been  provided  with  a  suitable  oil 
dash  pot. 


FigJO 


^^ffn 


Combined 
J^iagrant. 


Figll 

CyKnierTE 


Aim. 


Fig.lZ 


Diagrams  wiih  u«  fall  m  pressure. 
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Cylinder  / 


Fig  p 

Combined 
JHagrcim 


Fiff  IS. 

Cylinder JL 
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Fig.  16 


"Receiver, 


The  indicated  work  was  as  follows : 

July  2H. 
Cyl.  I.        Cyl.  2.    Receiver 

M.  E.  P.,  lbs.  per  sq.  in.  68.0      8.34 

Average  revolutions 1 16.3 

I.  H.  P 46.1     22.2 


Total  I.  H.  P 

Brake  H.  P 

Difference 

B.  H.  P.  ^  I.  H.  P.. 


July  30. 
Cyl.  I.       Cyl.  2.    Receiver 

.89      68.5         8.9  .31 

2.95         47.0         24.0        4.37 

t  I 

'         ^ » ' 


71.25 
61.70 

9.55 
0.865 


62.20 

13.17 
0.826 
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The  increased  friction  on  the  second  day  is  believed  to 
have  been  caused  by  a  small  amount  of  sand  which  was  found 
around  the  high  cylinder  piston.  In  a  new  machine  the  fric- 
tion is  not  a  fixed  quantity,  but  one  which  decreases  with  time. 
It  will  undoubtedly  reach  a  satisfactory  value  for  the  machine 
in  question. 
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From  the  diagrams  we  get  an  average  ratio  of  the  abso 
lute  pressures  at  the  beginning  of  expansion  and  admission,  = 
0.79;  the  loss  of  area  due  to  throttling  being  8%. 

The  water  consumption  was  made  the  subject  of  very  careful 
measurement;  the  water  being  weighed  directly,  and  the  load 
kept  uniform,  so  that  the  water  used  per  hour  varied  but 
little.  The  temperature  of  the  feed  water  was  measured  by 
means  of  a  thermometer  placed  in  a  cup  containing  oil,  this  cup 
being  inserted  into  the  feed  pipe,  and  all  surrounded  with  a 
heavy  coating  of  wadding.  In  this  way  only  a  very  slight  error 
was  possible. 

The  following  table  gives  the  results  : 

July  28.  July  30. 

Total  feed  water  used lbs 4740 .  o  5924 .  o 

Duration  of  test hs 6.1  7 .  73 

Feed  water  per  hour lbs. . . .  777.0  766.0 

Average  temp,  feed  water,  initial 79°  F-  86°  F. 

terminal 190°  F.  194°  F. 

Water  per  hour  per  brake  H.  P lbs. . . .  12.6  12.3 

"       "        "    I.  H.P "  ....  10.9  10.16 

Boiler  pressure,  gauge,  lbs.  sq.  in 168.0  170.0 

Initial    pressure   in   diagram,    gauge,   lbs. 

sq.  in 156.0  1590 

This  is  the  first  time  that  any  steam  engine  has  ever  given 
such  a  low  figure  for  the  water  consumption,  and  is  a  proof  of 
the  correctness  of  the  assumptions  made  by  Mr.  Schmidt.  The 
smoothness  of  running  during  the  test  is  evidence  of  the  judi- 
cious methods  employed  in  the  construction. 

Before  entering  upon  theoretical  considerations,  it  will  be 
well  to  examine  the  distribution  of  temperatures  which  play 
such  an  important  part  in  this  machine.  From  the  curves  shown 
in  Figs.  28  and  29  it  is  seen  that  different  degrees  of  supcrlieat- 
in<^  were  employed  in  the  two  tests.  The  teni  j)crature  of  entering 
steam  was  quite  uniff)rm,  althoui^h  the  fluctuations  in  the  temper- 
ature of  the  furnace  gases  were  considerable.  That  the  heat  was 
well  utilized  is  shown  by  the  low  temperature  at  which  the  gases 
entered  the  chimney,  as  well  as  by  the  lar»j^e  per  cent,  of  COo 
found  by  analysis. 

The  temperature  of  the  gases  at  the  first  superheater  was 
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measured  by  a  pyrometer  whose  error  could  not  be  determined, 
so  that  only  the  relative  values  are  to  be  considered.  The 
steam  temperatures  were  measured  by  standardized  thermome- 
ters, while  a  corrected  pyrometer  was  used  for  the  chimney 
gases. 

The  following  table  gives  the  average  values  : 


Steam  Temperatures. 


Date. 


After-Evaporator. 


Entering^. 


July  28th... 
••    30th.... 


iDeg.  Fahr. 


S92 


Leaving. 


Temperatures 

of 
Furnace  Gases. 


"ifo^l)^^    I  ^^':^^f   '^femp^'o?,   At  First 
Boiler.  Engine.     Saturation.   Superheat- 


In 
Chim- 
ney. 


Deg.  Fahr.  Deg.  Fahr.  Deg.  Fahr.  Deg.  Fahr.  Deg.  Fahr.lD.  F 


452 

525 


662 

675 


605, 
6«;o 


373-8 
374  0 


1211 
1292 


3S» 
357 


♦Thermometer  damaged. 

The  decrease  in  the  fall  of  temperature  between  engine  and 
boiler  on  the  second  day  was  due  to  improved  jacketing  of  the 
steam  pipes.  This  point  is  one  of  eminent  importance  in  the 
application  of  superheated  steam,  for,  with  long  steam  pipes, 
the  entire  success  may  be  threatened  by  neglect  of  proper  jack- 
eting. Even  with  saturated  steam  this  point  can  effect  a  far 
greater  saving  than  is  generally  recognized  The  initial  tem- 
perature of  the  steam  in  the  high  cylinder  has  an  important 
influence  on  the  econoniv.  The  writer  believes  that  the  de- 
crease  in  the  weight  of  water  used  per  hour  on  the  second  day 
is  entirely  due  to  the  increase  in  the  degree  of  superheating. 
That  the  temperature  of  the  chimney  gases  is  less  than  that  of 
the  saturated  steam  is  explained  by  the  presence  of  the  feed- 
water  heater. 

The  chimney  gases  were  analyzed  by  Mr.  Wedekind,  using 
the  apparatus  of  Orsat-Fischer.  The  samples  were  taken  near 
the  first  superheater  at  intervals  of  10  to  15  minutes  by  means 
of  a  porcelain  tube  inserted  for  that  purpose.  The  following 
table  gives  the  results  of  the  analysis,  and  shows  that  the  com- 
bustion was  excellent. 

The  percentage  of  CC^o  shows  that  the  excess  of  air  admitted 
was  small.     The  first  test  indicated  that  the  grate  surface  was 
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,       ANALYSIS   OF   CHIMNEY   GASES. 


July  28. 

Per  Cent 

J 

• 

ULY  30. 

Per  Cent. 

Remarks. 

COj 

Remarks. 

COo 

0    CO 

0 

|CO 

1     15,4 

1,0     0,8 

16.6 

u 

0.0 

2     15,2 

1,4  '  1,6 

11,6 

4,8 

3  1  15,9 

3.4 

13,2 

5,2 

- 

4  .14^ 

2,6 

i  10,0 

3,0 

.  5,8 

5    15,8 

4,0 

13.4 

3.4 



6 

4.0 

10,2     5,0              Directly 

13,2 

3,6 

7 

16,8 

2,0                            "^*^^ 

11,0 

4,0 

1,0 

8    16,2 

2,2     0,0 

startmg  tire. 

15,6 

2,4 

1     . 

9    15,0 

2,4 

13,4 

2,4 

. 

no    16,0 

2,6 

16,0 

1,4 

0,-. 

HI    13,2 

5,2     0,4  , 

16,2 

1,8 



112    15,0 

3,8     

15,2 

2,6 

_ 

Z13    14,4 

3.8     0,3  1 

16,4 

1,6 

0,0 

:14     12,0: 

4,2 

14,2 

1,6 

• 

a5    13,0 

4,4, 

16,6 

2,4 

ne 

9,e 

6,6  i 

16,2 

9  i' 

0,0 

a? 

12,0* 

'     4,6     — 

15,0 

Oo 

1 

as     10.2 

5,3     — 

15,2 
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019    10,0 

16.2 

2,6 

20  ;  13,0 

i 

Porcelain 
y             Tube 

14,2 

4,0 

Average  Chimney 
Draught 

21  '  13.0 

i          damaged. 

14.0 

2,6 

7  mm.  v^ater. 

22    11,0 

1 

1 

12,6 

6,6 

.. 

23    10,0 

1 

14,2 

4> 

24    12,4 

4,6     0,2 

13,0 

1.4 

1.8 

25    15,0 

2o           ' 

16,0 

1.8 

1 

• 

26   14.2 

3,4    0,0 

15,2 

2,6 

1 

27   13,5 

4,2     0,8 

15,8 

2.0 

0.0 

28   15.0 

2,0    -. 

17,4 

1,4 

29  14,0 

30  14,8 

t  -                Average  Chimncv 
o.l     U,0          6  mm.  water. 

13,8 
13,2 

5.0 

6,4 

31 

1 

I           ! 

15,0 

3,4 

0.0 

32 

14,8 

1.6 

33 

12.2 

6.8 

0.0 

U 

16.0 

3o 

15,8 

l.s 

36 
37 

13,4 

2.0 

1.4 

16.6 

3.0 

38  ' 

39  , 

'           i 

1           1 

15,6 
1  6,6 

1,^ 

1,8 

0,0 
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too  large.  It  was  therefore  reduced  before  making  the  second 
test,  and  a  slight  gain  in  the  evaporation  was  effected. 

At  each  weighing  (of  25  kg.),  a  small  amount  of  the  coal 
was  laid  aside,  so  as  to  obtain  an  average  sample.  This,  to- 
gether with  some  of  the  ash,  was  sent  to  the  Grossherzogl. 
Chemische-Technische  Pruefungs  und  Versuchsanstalt  in  Karls- 
ruhe to  be  analyzed. 

The  following  is  an  abstract  of  the  results: 

July  28.  July  30. 

Carbon % 79-37 79-42 


Hydrogen 

Oxygen  and  nitrogen 

Sulphur 

Ash 

Water 


3.31 3.71 

1369 11-79 

0.98 1.09 

1.97 2.87 

0.68 1. 12 


100.00  100.00 

The  calorific  value  is  given  by  the  formula 

0 
8100.  C  +  29000  (H  ^  Q-)+  2500S— 6ooW=caloriesper  kilog. 

o 

The  actual  values  were  found  by  means  of  a  Mahler  calori- 
meter and  these  were  used  in  the  calculations. 

CALORIFIC   VALUE    OF   THE    COAL. 

Test  I.  Test  a. 

B.  T.  U.  per  pound,  calculated 1 2443 1 2785 . 

B.  T.  U.  "  actual 1^573 1 2877 . 

The  analysis  of  the  ash  gave  the  following  results: 

Test  I.  Test  2. 

Pure  ash 9^ 44 .  26 49 .  22 

Combustibles *' 5 5  •  06 49-89 

Water *' 0.68 0.89 


100.00 


100.00 


The  observations  and  calculated  rqsults  are  as  follows  : 


Total  weight  of  coal  used,  exclusive  of  fuel 

for  starting  fire lbs 

Coal  used  per  hour " 


Test  1. 


601 .00. . 
98.50. . 


Per  cent,  of  ash  and  slag *' li  .40.  . 

777.00. . 

7 . 88 . . 


I-^ccd  water  per  hour "   

Evaporation  in  lbs.,  per  lb.  of  coal  actual 


Test  a. 

747.00 
96.60 
14.20 

766.00 

7.93 
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Evaporation  in  lbs.,  per  lb.  of  coal  at  at- 
mospheric p.  and  feed  water,  32°  F. .       8.65 8.82 

Coal  consumption  perbrakeH.  P.  hour,  lbs.       1.60 1.55 

■     "  "    I.  H.  P.         "         *'.       1.38 1.28 

The  average  coal  per  hour  per  brake  H.  P.  is  therefore  = 
1 .  57  lbs.  under  constant  load. 

An  analysis  of  the  manner  in  which  the  heat  of  the  coal 
is  utilized  by  the  boiler  proves  that  the  high  degree  of  super- 
heating was  not  alone  of  advantage  to  the  engine,  but  that  the 
steam  is  also  generated  in  a  thoroughly  economical  manner. 
The  temperature  of  the  feed  water  was  first  increased  about 
1 10  degrees  at  the  expense  of  the  heat  in  the  escaping  gases. 
It  was  then  converted  into  saturated  steam,  and,  finally,  super- 
heated under  constant  pressure  to  662°  and  675°  F.  in  the 
respective  tests. 

The  heat  required  for  this  per  pound  of  coal  is  : 

Q  =  w[t^  -  /i  -H  //g  +  .48  (/s  -  ^2)] 
in  which  w  =  no.  lbs.  of  water  evaporated. 

This  gives  : 

Per  pound  of  coal  Test  i.    Test  2: 

To  heat  feed  water B.  T.  U.,      874        856 

To  evaporate  water **  8176       8199 

To  superheat •*  872       1053 

Total  heat  accounted  for '*  9922     10108 

Absolute  per  cent,  of  heat  utilized:                            Test  1.  Test  2. 

To  heat  feed  water Per  cent.,     C5.0  63.7 

To  evaporate  feed  water **              6.9  8.2 

To  superheat  feed  water **               6.9  6.6 

78.8       78.5 

Dividing  finally  the  R.  T.  U.  accounted  for  by  the  latent 

heat  of  steam  at  212°  F.,  we  get  the  evaporation  of  the  boiler 

per  pound  of  coal  from  and  at  212'^  F. 

Test  I —  9922  -^-  966  =   10.2  I  _  (    Evaporation  in  pounds, 
*'    2 — 10108  -h-  966  =   10.4  (  ~  "1       from  and  at  212'"  F. 

A   study  of  the  behavior  of  the  steam  in  the  engine  is  of 

no  less  interest  than  the  preceding  investigation  ;  and  for  this 

purpose  the  indicator  diagrams  afford  the  necessary  bases,  such 

diagrams  being  chosen  from  each  test  as  were  most  nearly  equal 
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in  area  to  the  average  for  the  test.  The  object  is  not,  however, 
to  study  whether  the  indicated  work  might  not  have  been 
larger  with  some  other  cut-off  in  theL.  P.  cylinder — that  would 
require  another  series  of  experiments.  What  is  desired,  is  to 
study  the  condition  of  the  steam  during  its  passage  through 
the  engine.     For  this  purpose  it  is  only  necessary  to  compare 


Combinei 
2Hagram, 


JIlnL 


the  volume  of  tliL-  workini^  weight  of  steam  at  every  position 
of  the  stroke  with  tlie  volume  of  the  same  weight  of  saturated 
steam  under  like  pressure.  This  is  accomplished  by  construct- 
int^  the  saturation  curve,  as  shown  in  Fijj^ures  21  and  25.  The 
details  of  the  calculatious  for  the  first  test  are  given  in  what 
follows. 
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The  initial  pressure  of  admission,  as  found  from  the  sample 
diagram,  is  173.5   '^^-  P^^  ^Q-  ^^'  absolute  ;  the  feed  water  sup- 

plied  to  the  boiler  for  each  diatjram  is  7-    ^L/       =0.111  lbs. 
'  *^  60  X  1 16.3 

This  weight  could  be  used  directly  if  all   the  cards  had   the 

same  cut-off.     The  average  value  of  the  latter  is  0.327,  while 

that  of  the  sample  card   is  0.316,  so  that  the  weight  of  steam 

actually  used  for  this   diagram  is    very  nearly  o.iii  x    --  = 

0.1076  lbs.     From  steam  tables  we  find  0.28  cu.  ft.  for  the  vol- 
ume of  this  weight  of  saturated  steam. 

It  remains  now  to  determine  the  condition  of  the  com- 
pressed steam  in  the  clearance  space  when  the  admission  valve 
opens.  Exact  information  cannot  be  obtained  on  this  point ; 
and  the  assumption  usually  made,  that  the  compressed  steam 
is  just  saturated,  must  be  adopted  here.  The  further  assump- 
tion, that  the  steam  is  at  every  instant  a  homogeneous  body, 
whose  changes  are  given  by  the  diagram,  must  also  be  made  ; 
for,  without  this,  no  calculations  would  be  possible.     We  have: 

Volume  of  clearance  space v 0.093  cu.  ft. 

Volume  of  steam  admitted 0.280      " 


Total 0.373      " 

which  is  -  -  ■-     ^        =  7.1%  of  the  volume  of  the  low  cylinder. 

5.26  '     '  ■  ^ 

From  this  data  the  saturation  curve  can  be  constructed  to 
the  proper  scale  on  the  diagram,  as  in  Figures  21  to  25. 

An  exactly  similar  calculation  for  the  second  test  gives 
the  following  results  : 

Initial  steam  pressure,  lbs.  per  sq.  in.  absolute 169.0 

Average  weight  of  steam  per  diagram,  lbs 0.109 

Average  cut-off,  % 34-86 

Cut-off  in  sample  card,  % 37.2 

Weight  of  steam  for  sample  card,  lbs o.  1 16 

Volume  of  this  weight  of  saturated  steam,  cu.  ft 0.31 1 

Volume  of  clearance  space,  cu.  ft 0.094 


Total  volume,  cu.  ft 0.405 

This  volume  in  per  cent,  of  volume  of  large  cylinder,  %  T-J 
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In  both  cards  we  find  that  the  saturation  curve  intersects 
the  expansion  line  of  the  high  cylinder  diagram.  This  is  an 
important  fact,  for  it  shows  that  the  steam  reaches  the  satura- 
tion point  during  expansion  in  the  high  cylinder  (always 
considering  the  steam  to  be  a  perfectly  homogeneous  body). 
In    the   second   test   a   higher    degree    of    superheating   was 
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^tiployed,  and  consequently,  this  point  is  found  nearer  the  end 

i  the  stroke. 

For  the  sake  of  completeness,  the  same  calculations  were 

^"^ade  for  the  large  cylinder,  and  the  curve  of  saturation  con- 

'^tructed  as  before. 

The  results  are  as  follows  : — 

Steam  pressure  during  admission    in    lbs.  per 

Test  I.    Test  2. 
^q.  in.  absolute 14.20      14.20 

V^olume  of  steam  admitted,  cubic  ft 2.94        3.16 

"  clearance  space,     *'       ** 0.187      0.187 

Total  volume,  "       ** 3.12        3.35 

This  volume  in  per  ct.  of  low  cylinder , .  59.5  63.6 
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Since  the  saturation  curve  for  the  low  cylinder  diagram 
falls  entirely  outside  of  the  actual  expansion  line,  it  follows 
that  the  steam  in  this  cylinder  is  saturated  and  mixed  with 
water  throughout  the  expansion. 

In  the  diagrams  of  Figs.  21-25  ^^^^  curves  are  drawn  giving 
X,  the  fractional  weight  of  the  water  in  the  form  of  vapor,  for 
the  expansion  period  of  the  low  cylinder.  A  simple  graphical 
method,  illustrated  in  Fig.  30,  was  used  to  construct  this  curve; 
the  explanation  of  the  method  is  as  follows:  Let  G=  weight  of 
steam    admitted    (calculated    from    water  consumption);  G^  = 

S^iij.  30 


•+ s^ ^ 


weight  of  steam  saved  in  clearance  space  (calculated  from 
volume  of  clearance  space  and  density  of  saturated  steam  at 
terminal  pressure  of  compression);  So  =  length  of  clearance 
space  in  diagram;  Sx  =  length  of  stroke  to  any  point  in  expan- 
sion line;  p  =  abs.  pressure,  and  y  =  density  of  steam  at  this 
point;  F  =  area  of  piston.  Then  the  fractional  weight  of  water 
in  the  form  of  vapor  will  be 

'^""^  G+  G,;"~ 

for  a  point  P  on    the    diagram    (Fig.    30);    but    we    also  have 

v=  X  u  -f-  d 
which  is  the  fractional  volume  of  the  saturated  steam,   if 

u  =  s  -  d 
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that  is,  equal  to  the  difference  between  the  volumes  of  dry  sat- 
urated steam  and  water. 

This  formula  may  be  written 

X  u  =  V  - d 
and,  if  the  values  of  x,  u  and  (v-d)  be  represented  by   lengths 
x',  u'  and  (v'-d')  the  scales  used  may  be  included  in  a  single 
constant,  and  we  have 

x'  u'=C  (v'-d') 

The  scale  for  v  is  to  be  so  chosen  that  its  value  is  repre- 
sented by  the  abscissa  of  the  expansion  line.  The  volumes 
(v'-d ' )  must  then  be  measured  Irom  a  vertical  through  O'  drawn 
at  a  distance  d'  from  the  axis.  In  general  this  distance  is  too 
small  to  be  represented  on  the  drawing;  but  the  volumes  of  the 
clearance  spaces  cannot  be  determined  with  much  [accuracy,  so 
that  this  approximation  is  justified.  The  values  of  u,  found 
from  a  steam  table,  are  represented  by  lengths  u',  and  are  laid 
off  from  O'B'  on  the  line  of  the  corresponding  pressure;  the 
points  so  obtained  form  the  curve  u-u.  Draw  also  a  Horizontal 
line  FF,  at  a  distance  C  from  the  volume  axis,  for  which  pur- 
pose C  may  be  calculated  from  the  assumed  scales.  Assume, 
now,  that  C  is  known;  then  to  fix  x'  for  any  point  P  of  the 
diagram,  project  P  on  the  curve  of  u-u,  as  A,  from  the  reverti- 
cally  to  B  on  the  line  FF,  and  connect  B  with  O' ;  the  line  B-O' 
will  cut  from  the  ordinate  through  P  a  length,  equal  to  the 
desired  value  x'.     F^or.  from  the  figure, 

D  E:E  0'  =  C:BB' 
or  x':  (v'-d')=C:u' 

The  co-ordinates  of  the  line  O'  D  give  the  values  of. (v-d) 
and  X  corresponding  to  the  pressure  P  and  the  working  weight 
of  steam  (G  -f  G^^).  For  instance,  when  x  =  i,  the  projection 
of  D'  on  the  horizontal  through  P  will  give  a  point  P^,  through 
which  the  expansion  line  would  pass  if  there  were  no  water  in 
the  cylinder.  By  this  method  it  is  therefore  easy  to  construct 
curves  for  constant  weights  of  steam.  Taking  any  value  of  x, 
draw  a  corresponding  horizontal  line,  and  project  its  intersec- 
tion with  O'  B  on  the  proper  pressure  line  of  the  diagram. 
For  suitable  scales  may  be  used:  u'  =  200.  u  mm  and  x'  =  lOO 
X.  mm,  so  that  x  =  l  is  represented  by  a  horizontal  line  drawn 
at  a  distance  of   100  mm,  above  the  axis.     If  this  construction 
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is  continued  beyond  the  beginning  and  the  end  of  expansion, 
then  the  curve  will  suddenh-  change  in  curvature,  owing  to  the 
different  weight  of  steam  then  in  the  cylinder.  This  may  serve 
to  indicate  the  position  of   cut-off  and  release  in  the  diagram.' 

In  this  way,  the  curve  of  x  has  been  constructed  for  the 
sample  low  cylinder  diagram  of  each  test.  An  examination  of 
these  curves  shows  that  about  84%  of  the  water  is  in  the  form 
of  steam. 

The  behavior  of  the  steam  in  the  two  cylinders  indicates  that 
the  principal  reason  for  the  remarkably  low  water  consumption 
of  this  engine  is  the  elimination  of  all   initial  condensation  in 
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the  high  cylinder.  The  whole  design  has,  in  fact,  been  carried 
out  with  the  idea  of  avoiding  cylinder  condensation  by  a  con 
stant  heating  of  the  cylinder  walls  with  receiver  steam.  The 
writer  believes  that,  with  a  different  arrangement,  even  more 
might  be  accomplished  ;  for  the  results  show  that  a  consider- 
able exchange  of  heat  takes  place  between  the  steam  and  walls 
of  the  low  cylinder.  Perhaps  radiation  is  also  an  important 
element.  By  far  too  little  has  as  yet  been  done  in  practice  to 
avoid  this  loss. 

It  was,  finally,  of  importance  to  determine  the  fluctuations 
of  speed,  for  which  purpose  the  diagrams  of  piston  effort  were 
constructed  (Figs.  31  and  32).     The  weights  of  the  recipro- 
cating parts  act  as  positive  forces  when  the  piston  descends, 
and   as   negative   forces   when    it   ascends.      The    effects    of 
acceleration  and  retardation    of  these   masses    were  also  de- 
termined,  and   are    illustrated    in    tlic    figure.     The     diagram 
of  crank  pin  effort.  Fig.  33,  is  constructed  in  the  usual  way  ; 
the  dotted  line  being  first  drawn.     The  broken  curve   a'  b'  c' 
gives  the   tangential   effects    of   the   weights  of  the   moving 
parts.        These  components    are    added  to     the     crank     pin 
efforts  for  the  downward,  and  are  subtracted  for  the  upward 
motion  ;  and  the  resultant  curve,  a  b  c,  of  crank  pin  efforts  is 
"thus  constructed.     This  is  necessary,  since  the  weights  are  not 
balanced.     By  means  of  a  planimeter,  the  mean  effort  is  found. 
The  weight  of  the  fly-wheel  being  also  known,  the  coefficient 
of  fluctuation  of  speed  was  calculated  and  found 

32-5 

^nd,  if  the  weights   of  the  moving  parts  liad  been   balanced 
<"  dotted  curves;,  then 

37.8 

showing  that  16%  could  be  gained  by  balancing;  otherwise  a 
^Second  fly-wheel  might  be  added,  or  the  first  one  made  larger 
i  €  this  should  become  necessary,  thus  decreasing  this  coefficient 
biy  any  desired  amount. 

Looking  over  the  results  obtained  by  this  new  compound 
Engine,  one  must  admire  the  simplicity  with  which  the  inventor 
F>ut  his  ideas  into  practical  form,  and  thus  gave  an  impulse  to 


226  Discovery  of  Helitwt  in  a  Tcrrestnal  Mineral. 

engine  building,  of  which  the  effect  cannot  be.  as  yet,  foreseen. 
It  is  all  the  more  important,  because  the  triple  expansion  en- 
gines, constructed  by  the  leading  makers  of  to-day,  have  already 
reached  a  high  degree  of  perfection,  while  this  new  engine  is 
the  first  of  its  class,  so  that  a  still  further  development  of  this 
new  idea  will  undoubtedly  lead  to  results  still  more  remarkable. 


DISCOVERY  OF  HELIUM  IN  A  TERRESTRIAL  MINERAL 
(CLEVEITE)  BY  PROF.  W.  RAMSAY, 

In  a  recent  number  of  the  London  Cliemical Neivs  (March 
29th,  p.  151)  we  notice  the  announcement  of  what  is  indicated 
in  the  above  title,  together  with  observations  on  the  spectrum 
of  the  new  element,  by  Dr.  Wm.  Crookes. 

"Chemical  analysis  of  the  substances  composing  the  earth's 
crust  has  thus  far  revealed  nearly  seventy  distinct  elements;  and 
spectroscopic  study  of  the  sun  has  already  detected  the  presence 
of  more  than  half  of  them  in  that  body.  But  there  are  indica- 
tions that  the  sun  contains  a  few  elements  which  are  yet  unrec- 
ognized in  terrestrial  matter.  For  instance,  there  is  a  line  in 
the  green  part  of  the  spectrum  of  the  outermost  solar  envelope, 
the  corona,  which  is  thought  to  represent  a  gas  much  lighter 
than  hydrogen.  The  line  itself  is  numbered  1,474  in  the  old 
Kirchhoff  scale,  but  in  Rowland's,  which  is  the  modern  standard, 
it  is  set  down  at  5,316.  The  substance  itself  is  called  '  coronium.' 
Nothing  of  the  sort  has  been  found  on  the  earth.  Again,  when 
the  spectroscopists  examine  the  chromosphere,  the  layer  of  gas 
next  below  the  corona,  but  lying  above  the  luminous  cloud- 
shell  of  the  sun,  they  discover  in  the  yellow  a  brilliant  line, 
which  they  used  to  call  *I)3,*  but  which  is  situated  at  5.S76  in 
Rowland's  scale.  No  line  could  be  perceived  at  this  point  in 
the  spectrum  of  any  terrestrial  substance,  and  hence  the  element 
thus  signified  was,  like  coronium,  regarded  as  peculiar  to  the 
sun.  Indeed,  such  a  supposition  is  embodied  in  its  name, 
'helium.'  Since  the  first  discovery  of  the  1)3  line,  however,  the 
latter  has  been  recognized  in  the  spectra  of  a  few  stars,  which 
are  also  suns,  but  many  million  times  as  far  *away  from  us  as 
our  own." 
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Now,  however,  Prof.  Ramsay,  who  was  associated  with  Lord 
Rayleigh  in  the  discovery  of  Argon,  announces  that  he  has 
obtained  from  the  mineral  Cleveite  a  gas  whose  spectrum  corre- 
sponds with  the  Helium  lines  in  the  solar  spectrum,  and  also 
contains  the  distinctive  lines  of  Argon.  It  would  therefore  ap- 
pear that  this  gas  extracted  from  Cleveite  by  boiling  with  weak 
sulphuric  acid  is  a  mixture  of  Argon  with  the  element  causing 
the  Helium  lines  in  the  solar  spectrum.  There  are,  however, 
some  violet  lines  in  the  Argon  obtained  from  the  atmosphere 
which  are  not  found  in  the  gas  from  Cleveite,  so  that  there  are 
probably  at  least  three  new  elements  here  to  be  considered, 
1st,  the  part  of  Argon  common  to  the  atmosphere  and  to  Cle- 
veite; 2d,  Helium,  and  3d,  the  part  of  Argon  found  only  in  the 
atmosphere.  H.  M. 
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In  July,  1894,  an  act  of  Congress  was  passed  to  define  and 
establish  the  units  of  electrical  measure.  By  this  law,  Congress 
made  it  the  duty  of  the  National  Academy  of  Sciences  to  pre- 
scribe and  publish  specifications  necessary  for  the  practical 
application  of  the  definitions  of  certain  units  of  electrical  meas- 
ure adopted  in  the  act.  The  National  Academy  of  Sciences 
appointed  as  a  special  committee  to  consider  the  subject: 

Prof.  H.A.Rowland,  C/tatrman,  Johns  Hopkins  University,  Baltimore. 

Gen.  H.  L.  Abbot,  United  States  Engineers,  New  York. 

Prof.  G.  F.  Barker,  University  of  Pennsylvania,  Philadelphia. 

Prof.  J.  Trowbridge,  Harvard  University,  Cambridge. 

Prof.  C.  S.  Hastings,  Yale  University,  New  Haven. 

Dr.  C.  Barus,  Smithsonian  Institution,  Washington. 

Prof.  A.  A.  MiCHELSON,  University  of  Chicago,  Chicago. 

The  committee  completed  the  work  assigned  to  them,  and 
reported  the  following: 

SPFXIFICATIONS  FOR  THF  PRACTICAL  APPLICATION  OF  THF 
DEFINITIONS  OF  THE  AMPERE   AND  VOLT. 

Speci fi cation  a. —  77/6'  Ampere. 

In  employing  the  vsilver  voltameter  to  measure  currents  of 
about  one  ampere,  the  following  arrangements  shall  be  adopted: 

The  kathode  on  which  the  silver  is  to  be  deposited  shall 
take  the  form  of  a  platinum  bowl  not  less  than  10  centimeters 
in  diameter,  and  fro'ii  4  to  5  centimeters  in  depth. 

The  anode  shall  be  a  disc  or  plate  of  pure  silver  some  30 
square  centimeters  in  area  and  2  or  3  millimeters  in  thickness. 

This  shall  he  supported  horizontally  in  the  liquid  near  the:^ 
top  of  the  solution  by  a  silver  rod  riveted  through  its  center  ^ 
To  prevent  the  disintegrated  silver  which  is  formed  on  thc^^r 
anode  from  falling  upon  the  kathode,  the  anode  shall  b^^ 
wrapped  around  with  pure  filter  paper,  secured  at  the  back  b>^ 
suitable  folding. 
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The  liquid  shall  consist  of  a  neutral  solution  of  pure  silver 
nitrate,  containing  about  15  parts  by  weight  of  the  nitrate  to  85 
parts  of  water. 

The  resistance  of  the  voltameter  changes  somewhat  as  the 
current  passes.  To  prevent  these  changes  having  too  great  an 
effect  on  the  current,  some  resistance  besides  that  of  the  volta- 
meter should  be  inserted  in  the  circuit.  The  total  metallic  re- 
sistance of  the  circuit  should  not  be  less  than  10  ohms. 

Metluhi  of  Making  a  Measurement, — The  platinum  bowl  is  to  be 
washed  consecutively  with  nitric  acid,  distilled  water  and  abso- 
lute alcohol;  it  is  then  to  be  dried  at  160°  C,  and  left  to  cool 
in  a  desiccator.  When  thoroughly  cool  it  is  to  be  weighed 
carefully. 

It  is  to  be  nearly  filled  with  the  solution  and  connected  to 
the  rest  of  the  circuit  by  being  placed  on  a  clean  insulated  cop- 
per support  to  which  a  binding  screw  is  attached. 

The  anode  is  then  to  be  immersed  in  the  solution  so  as  to 
be  well  covered  by  it  and  supported  in  that  position  ;  the  con- 
nections to  the  rest  of  the  circuit  are  then  to  be  made. 

Contact  is  to  be  made  at  the  key,  noting  the  time.  The 
current  is  to  be  allowed  to  pass  for  not  less  than  half  an  hour, 
and  the  time  of  breaking  contact  observed. 

The  solution  is  now  to  be  removed  from  the  bowl  and  the 
deposit  washed  with  distilled  water  and  left  to  soak  for  at  least 
six  hours.  It  is  then  to  be  rinsed  successively  with  distilled 
water  and  absolute  alcohol  and  dried  in  a  hot-air  bath  at  a  tem- 
perature of  about  160 ■  C.  After  cooling  in  a  dessicator  it  is  to 
be  weighed  again.     The  gain  in  mass  gives  the  silver  deposited. 

To  find  the  time  average  of  the  current  in  amperes,  this 
mass,  expressed  in  grams,  must  be  divided  by  the  number  of 
seconds  during  which  the  current  has  passed  and  by  0.00 1 1 18. 

In  determining  the  constant  of  an  instrument  by  this 
method,  the  current  should  be  kept  as  nearly  uniform  as  possi- 
ble and  the  readings  of  the  instrument  observed  at  frequent  in- 
tervals of  time.  These  observations  give  a  curve  from  which 
the  reading  corresponding  to  the  mean  current  (time-average  of 
the  current)  can  be  found.  The  current,  as  calculated  from  the 
voltameter  results,  corresponds  to  this  reading. 

The  current  used  in  this  experiment  must  be  obtained  from 
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a  battery  and  not  from  a  dynamo,  especially  when  the  instru- 
ment to  be  calibrated  is  an  clectrodynamometer. 

Specification  Vi.—  The  Volt, 

Definition  and  Properties  of  tlu  Cell. — The  cell  has  for  its 
positive  electrode,  mercury,  and  for  its  negative  electrode, 
amalgamated  zinc  ;  the  electrolyte  consists  of  a  saturated  solu- 
tion of  zinc  sulphate  and  mercurous  sulphate.  The  electromo- 
tive force  is  1.434  volts  at  15°  C.  and  between  10°  C.  and  25^ 
C,  by  the  increase  of  i  ^  C.  in  temperature,  the  electromotive 
force  decreases  by  .00115  of  a  volt. 

1.  Preparation  oft/u  Mercury. — To  secure  purity  it  should  be 
first  treated  with  acid  in  the  usual  manner  and  subsequently 
distilled  in  vacuo. 

2.  Preparation  of  t/ic Zinc  Amalgam. — The  zinc  designated  in 
commerce  as  "  commercially  pure  "  can  be  used  without  further 
preparation.  For  the  preparation  of  the  amalgam  one  part  by 
weight  of  zinc  is  to  be  added  to  nine  (9)  parts  by  weight  of 
mercury  and  both  arc  to  be  heated  in  a  porcelain  dish  at  100° 
C.  with  moderate  stirring  until  the  zinc  has  been  fully  dissolved 
in  the  mercury. 

3.  Preparation  of  Mercurous  Sulphate. — Take  mercurous  sul- 
phate, purchased  as  pure,  mix  with  it  a  small  quantity  of  pure- 
mercury  and  wash  the  whole  thoroughly  with  cold  distilled 
water  by  agitation  in  a  bottle  ;  drain  off  the  water  and  repeat 
the  process  at  least  twice.  After  the  last  washing,  drain  off  an^ 
much  of  the  water  as  possible.  (  F'or  further  details  of  purifica— 
tion,  see  Note  A. ) 

4.  Preparation  oftJie  Zinc  SulpJiatc  Solution.  -  Prepare  a  neiitra  1 
saturated  solution  of  pure  re-crystallized  zinc  sulphate,  free  from 
iron,  by  mixing  distilled  water  with  nearly  twice  its  weight  0/ 
crystals  of  pure  zinc  sulphate  and  adding  zinc  oxide  in  the  pro- 
portion of  about  2  per  cent,  by  weight  of  the  zinc  sulphate  crys- 
tals  to  neutralize  anv  free  acid.     The  crystals  should  be  dis- 
solved  with  the  aid  of  gentle  heat,  but  the  temperature  to  which 
the  solution  is  raised  must  not  exceed   ^o'  C.     Mercurous  sul- 
phate.  treated  as  described  in  3,  shall  be  added  in  the  proportion 
of  about  12  per  cent,  by  weight  of  the  zinc  sulphate  crystals  to 
neutralize  the  free  zinc  oxide  remaining,  and  then  the  solution 
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filtered,  while  still  warm,  into  a  stock  bottle.     Crystals  should 
form  as  it  cools. 

5.  Preparation  of  the  Mercurous  Sulphate  and  Zinc  Sulphate 
Paste, — For  making  the  paste,  two  or  three  parts  by  weight  of 
mercurous  sulphate  are  to  be  added  to  one  by  weight  of  mer- 
cury. If  the  sulphate  be  dry,  it  is  to  be  mixed  with  a  paste 
consisting  of  zinc  sulphate  crystals  and  a  concentrated  zinc  sul- 
phate solution,  so  that  the  whole  constitutes  a  stiff  mass,  which 
is  permeated  throughout  by  zinc  sulphate  crystals  and  globules 
of  mercury.  If  the  sulphate,  however,  be  moist,  only  zinc  sul- 
phate crystals  are  to  be  added  ;  care  must,  however,  be  taken 
that  these  occur  in  excess  and  are  not  dissolved  after  continued 
standing.  The  mercury  must,  in  this  case  also,  permeate  the 
paste  in  little  globules.  It  is  advantageous  to  crush  the  zinc 
sulphate  crystals  before  using,  since  the  paste  can  then  be  better 
manipulated. 


To  Set  up  the  Cell. — The  containing  glass  vessel,  represented 
^       the  accompanying  figure,  shall  consist  of  two  limbs  closed  at 
^tom  and  joined  above  to  a  common  neck  fitted  with  a  ground 
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glass  stopper.  The  diameter  of  the  limbs  should  be  at  least  2 
cms.  and  their  length  at  least  3  cms.  The  neck  should  be  not 
less  than  1.5  cms.  in  diameter.  At  the  bottom  of  each  limb  a 
platinum  wire  of  about  0.4  mm.  diameter  is  sealed  through  the 
glass. 

To  set  up  the  cell,  place  in  one  limb  pure  mercury  and  in 
the  other  hot  liquid  amalgam,  containing  90  parts  mercury  and 
10  parts  zinc.  The  platinuifi  wires  at  the  bottom  must  be  com- 
pletely covered  by  the  mercury  and  the  amalgam  respectively. 
On  the  mercury,  place  a  layer  one  cm.  thick  of  the  zinc  and 
mercurous  sulphate  paste  described  in  5.  Both  this  paste  and 
the  zinc  amalgam  must  then  be  covered  with  a  layer  of  the  neu- 
tral zinc  sulphate  crystals  one  cm.  thick.  The  whole  vessel 
must  then  be  filled  with  the  saturated  zinc  sulphate  solution, 
and  the  stopper  inserted  so  that  it  shall  just  touch  it,  leaving, 
however,  a  small  bubble  to  guard  against  breakage  when  the 
temperature  rises. 

Before  finally  inserting  the  glass  stopper,  it  is  to  be  brushed 
round  its  upper  edge  with  a  strong  alcoholic  solution  of  shellac 
and  pressed  firmly  in  place.  ( For  details  of  filling  the  cell,  see 
Note  B.) 

Notes  to  the  Specifications. 

( A. )    The  Mercurous  Sulphate. — The  treatment  of  the  mer- 
curous sulphate  has  for  its  object  the  removal  of  any  mercuric, 
sulphate,  which  is  often  present  as  an  impurity. 

Mercuric  sulphate  decomposes  in  the  presence  of  water 
into  an  acid  and  a  basic  sulphate.  The  latter  is  a  yellow  sub- 
stance- turpeth  mineral — practically  insoluble  in  water;  its 
presence,  at  any  rate  in  moderate  quantities,  has  no  effect  on 
the  cell.  If,  however,  it  be  formed,  the  acid  sulphate  is  also 
formed.  This  is  soluble  in  water  and  the  acid  produced  affects 
the  electromotive  force.  The  object  of  the  washings  is  to  dis- 
solve and  remove  this  acid  sulphate,  and  for  this  purpose  the 
three  washings  described  in  the  specification  will  suffice  in 
nearly  all  cases.  If,  however,  much  of  the  turpeth  mineral  be 
formed,  it  shows  that  there  is  a  great  deal  of  the  acid  sulphate 
present,  and  it  will  then  be  wiser  to  obtain  a  fresh  sample  of 
mercurous  sulphate,  rather  than  to  try  by  repeated  washings  to 
get  rid  of  all  the  acid. 


Standards  for  Electrical  Measure,  233 

The  free  mercury  helps  in  the  process  of  removing  the 
acid,  for  the  acid  mercuric  sulphate  attacks  it,  forming  mer- 
curous  sulphate. 

Pure  mercurous  sulphate,  when  quite  free  from  acid,  shows 
on  repeated  washing  a  faint  yellow  tinge,  which  is  due  to  the 
formation  of  a  basic  mercurous  salt  distinct  from  the  turpeth 
mineral,  or  basic  mercuric  sulphate.  The  appearance  of  this 
primrose  yellow  tint  may  be  taken  as  an  indication  that  all  the 
acid  has  been  removed;  the  washing  may  with  advantage  be 
continued  until  this  tint  appears. 

(B.)  Filling  the  Cell. — After  thoroughly  cleaning  and  dry- 
ing the  glass  vessel,  place  it  in  a  hot-water  bath.  Then  pass 
through  the  neck  of  the  vessel  a  thin  glass  tube  reaching  to  the 
bottom  to  serve  for  the  introduction  of  the  amalgam.  This  tube 
should  be  as  large  as  the  glass  vessel  will  admit.  It  serves  to 
protect  the  upper  part  of  the  cell  from  being  soiled  with  the 
amalgam.  To  fill  in  the  amalgam,  a  clean  dropping  tube  about 
10  cms.  long,  drawn  out  to  a  fine  point,  should  be  used.  Its 
lower  end  is  brought  under  the  surface  of  the  amalgam  heated 
in  a  porcelain  dish,  and  some  of  the  amalgam  is  drawn  into  the 
tube  by  means  of  the  rubber  bulb.  The  point  is  then  quickly 
cleaned  of  dross  with  filter  paper  and  is  passed  through  the 
wider  tube  to  the  bottom  and  emptied  by  pressing  the  bulb. 
The  point  of  the  tube  must  be  so  fine  that  the  amalgam  will 
come  out  only  on  squeezing  the  bulb.  This  process  is  repeated 
until  the  limb  contains  the  desired  quantity  of  the  amalgam. 
The  vessel  is  then  removed  from  the  water  bath.  After  cool- 
ing, the  amalgam  must  adhere  to  the  glass  and  must  show  a 
clean  surface  with  a  metallic  lustre. 

For  insertion  of  the  mercury,  a  dropping  tube  with  a  long 
stem  will  be  found  convenient.  The  paste  may  be  poured  in 
through  a  wide  tube  reaching  nearly  down  to  the  mercury  and 
having  a  funnel-shaped  top.  If  the  paste  does  not  move  down 
freely  it  may  be  pushed  down  with  a  small  glass  rod.  The 
paste  and  the  amalgam  are  then  both  covered  with  the 
zinc  sulphate  crystals  before  the  concentrated  zinc  sulphate 
solution  is  poured  in.  This  should  be  added  through  a 
small  funnel,  so  as  to  leave  the  neck  of  the  vessel  clean 
and  dry. 
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For  convenience  and  security  in  handling,  the  cell  may  be 
mounted  in  a  suitable  case,  so  as  to  be  at  all  times  open  to  in- 
spection. 

In  using  the  cell,  sudden  variations  of  temperature,  should, 
as  far  as  possible,  be  avoided,  since  the  changes  in  electromo- 
tive force  lag  behind  those  of  temperature. 


EXTRACTS  FROM  THE  ENGINEERJNG  PRESS. 

Master  Mechanics'  Association  Scholarships. — The 
following  circular  has  been  issued  to  members  of  the  Master 
Mechanics*Association  : 

The  members  of  the  American  Railway  Master  Mechanics' 
Association  are  not  enjoying  the  full  benefits  of  the  scholarships 
purchased  in  the  Stevens  Institute  of  Technology.  The  asso- 
ciation expended  a  large  sum  of  money  on  these  scholarships, 
and  it  was  confidently  expected  that  there  would  be  warm 
rivalry  among  those  entitled  to  compete  for  entry  to  the  insti- 
tion;  but  up  to  the  present  time  there  has  not  been  the  full 
complement  of  students.  At  present  there  are  only  three 
students,  and  one  of  them  will  graduate  this  summer,  leaving 
two  vacancies  to  be  filled.  There  is  an  excellent  preparatory 
school  in  connection  with  the  Stevens  Institute,  which  the  trus- 
tees have  thrown  open  to  those  entitled  to  the  benefits  of  our 
scholarships.  If  a  candidate  for  the  institute  does  not  think 
himself  competent  to  pass  the  entering  examination  of  the 
institute  he  may  take  a  year  at  the  preparatory  school,  if  the 
full  complement  of  scholars  is  not  already  in  the  institute. 

Sons  of  all  members  of  the  association  in  good  standing 
aire  entitled  to  compete  for  an  entry  to  enjoy  the  benefits  of  the 
scholarships  in  the  Stevens  Institute  of  Technology.  But  it  is 
necessary  that  the  candidate  should  have  spent  at  least  one 
>^ear  working  in  a  machine  shop. 

The  next  examination  for  candidates  will  be  held  at  the 
Stevens  Institute  of  Technology,  Hoboken,  N.  J.,  June  7  to  13. 
There  will  be  another  examination  from  Sept.  16  to  20. 

The  engineering  education  imparted  to  students  of  Stevens 
Institute  is  of  such  a  high  character  that  graduates  are  eagerly 
55.ought  after  by  engineering  and  manufacturing  establishments. 
T'he  education  assures  a  student  the  best  prospects  for  rapid 
advancement  in  the  engineering  profession.  A  father  cannot 
parovide  his  son  with  better  prospects  for  success  in  life  than  by 
iv'ing  him  the  means  of  obtaining  the  education  imparted  by 
he  four  years'  course  in  the  Stevens  Institute  of  Technology. 
Members  who  wish  to  enter  their  sons  for  the  institute  can 
btain  full  particulars  by  applying  to  y\ngus  Sinclair,  secretary, 
56  Broadway,  New  York. 

William  Garstanc,  Pvcs\dc\\\-. 
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The  above  circular  affords  a  cyrious  commentary  upon  on 
of  the  peculiarities  of  human  nature.  This  association,  at  con 
siderable  trouble  and  expense  to  itself,  has  succeeded  m  secur 
ing  for  the  sons  of  its  members  four  scholarships  at  the  Steven 
Institute  of  Technology.  No  engineering  or  technical  schoo 
of  any  description  lanks  higher.  As  stated  in  the  circular,  "it 
graduates  arc  eagerly  sought  after  by  engineering  and  manu 
facturing  csiablishiMents.  The  education  assures  a  student  th 
best  prospects  for  rapid  atlviuicement  in  the  engineering  pro 
fession."  The  four  years'  course  covers  all  that  appertains  t 
the  profession  of  mechanical  engineer.  The  faculty  embrace 
names  known  in  every  field  of  technical  science,  and  the  prac 
tical  nature  of  the  instruction  is  evidenced  by  the  variety  o 
the  machinery  in  its  \vorkshoi)s  and  the  apparatus  in  its  labora 
tories.  And  yet  it  is  stated  that  up  to  the  present  time  bu 
three  of  the  scholarships  have  been  filled,  and  one  of  these  wil 
be  vacated  by  graduation  next  summer. 

In  the  classical  schools,  or  those  devoted  exclusively  to  the: 
inculcation  of  the  so-called  **  liberal  arts,"  the  idea  of  a  schol 
arship  going  begging  for  lack  of  a  claimant  was  never  heard  of 
The  usual  ratio  is  several  applicants  to  one  scholarship,  an 
this,  too,  in  view  of  the  fact  that  such  favors  are  often  hedge 
around  with  sacrificial  conditions.    In  the  present  instance  ther 
are  no  conditions  beyond  the  mere  fact  of  eligibility. 

The  peculiarity  referred  to  is  that  which  has  always  mad»— 
a  self-made  man  averse  to  gratuitous  assistance.     Many  of  th- 
members  of  the  Master  Mechanics'  association  are  emphaticall 
self-made   men.     The\'  have  worked  themselves  up  from  th 
footboard  and  the  bench,  and  have  received  manv  hard  knoc 
in  the  course  of  the  ascent.     Thev  are  conscious  that  in  mo 
cases  the  knocks  have  had  a  subsequent  compensation.     Ti 
only  question  necessary  to  a-:k  is  whether,  under  the  change 
conditions  which  thirty  years  have  produced,  they  are  willi 
that  their  sons  should  undergo  the  same  kind  of  experience. 

The  amount  and  kind  of  preparation  which  thirty  years  a^ 
fitted  a  man   for  the  best   positions  in  the  mechanical  line  a 
wholly  inadequate  now.     At  best  the  uneducated  young  m 
chanic  can  hope  to  take  only  a  mediocre  position,  and  aft 
years  of  practical  experience  be  content  to  see  the  higher  plac 
filled  over  his  head  by  the  newly  fledged  graduates  of  the  tec 
nical  schools.     If,  therefore,  the  members  of  the  Master  \L 
chanics'  association  who  have  sons  eligible  to  these  scholarshi 
are  holding  back  from  assuming  their  rights  on  the  ground  tl"i 
it  is  better  for  the  son  to  follow  in  the  footsteps  of  his  fath 
they  are  making  a  grave  mistake.     It   may  be  that  this  is  n 
the  case.     It  may  be  that  the  opportunity  is  so  new  that    i 
advantages  have  not  yet  been  fully  presented.     In  any  case, 
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is  hoped  that  the  "warm  rivalry"  desired  by  the  association 
may  soon  show  signs  of  development.     The  Railway  Age. 


Electricitv    for    Mining  Plants  —  concluded.* — The 
**  constant    expenses"    include    the     salaries    of     attendants, 
Jinemen,   dynamo-tenders,   etc.,  that   are   approximately  con- 
stant within  a  wide  rangti  of  horse-power  delivered.     Although 
the   fixed   charges    for  the    proposed    electrical    plant   are  for 
quite    different    service   than    the   annual    expense     for   engi- 
tlcers;  firemen'  and  machinists,  an  approximate   estimate  will 
show  that  they  are  about  the  same  for  each   plant,  and,  there- 
^•^re,  may  be  omitted  from  each  side  of  the  following  equation: 

Ps  X  Fs  +  A  X  S  X  N  =  Pe  V.  +  Ph  Fh  +  Pi  F,. 
Now,  let  Ps  =  6  per  cent,  interest  +  4  per  cent,  repairs 
4  per  cent,  for  sinking  fund  for  renewal  of  boilers,  etc.,  =  14 
er  cent. 

Take  cost  of  steam  plant,  S75  per  horse-power.  837,500. 
Taking  $4  per  cord  for  wood  as  ecjual  to  coal  at  SlO  per 
on,  the  boiler  evaporation   at   8   pounds  and   engine  duty   25 
ounds  of  water  per  horse-power  per  hour,  we  find  the  cost  of 
orse-power  per  year,  with    other    expenses,   as  already  cal- 
z:  u  hi  ted. 

Let  Fe=  500x200  =  5100,000,  an  extreme  figure,  assuming 
»  pccial  sectional  machinery  is  required. 

Let  Pe  =  6  per  cent,  interest +  4  per  cent,  depreciation +  4 
er  cent  repairs  =  14  per  cent. 

Fh=  500x75  =  $37,500  =  cost  of  hydraulic  plant. 
Ph  =  6  per  cent,  interest -h 4  per  cent,  repairs  =  10  per  cent. 
Pi  =  6  per  cent. -h  2  per  cent,  repairs  =  8  per  cent. 
We  have  now  to  find  the  value  of  ¥\  to  ascertain  how  much 
,'  be  spent  for  conductors  and  still  keep  the  final   total  cost 
r  year  per  horse-power  at  the  present  rate. 

Substituting  and  reducing: 
500  X  75  X.  14  4- 500x75=  100.000  x  1 4-1- 37,500  X.  10 -h  .08  F*i 

$25,000=. 08  Fi. 
Fi  =  53i2,500. 
It  is'now  a  simple  matter  to  find  what  distance  the  line  can 
e  run  for  the  amount  given,  after  fixing  upon  the  electro-mo- 
t  ive  force  to  be  allowed  between  the  terminals  and  the  per  cent, 
loss  on  the  line. 

(See  paper  by  P^dward  D.  Self,  in  Quarterly  for  Jul\',  1894.) 

For  this  problem  take  16  cents  per  pound  as  the  cost   of 

the  copper.     Here,  as  in  the  article  cited,  it  would  be  manifestly 

vmwise,  for  financial  reasons,  to  expend  $312,500  for  copper, 

*  This,  the  conclusion  of  the  extract  published  in  the  January  Inimca- 
TOR,  was  there  omitted  through  an  unfortunate  mistake.  —  Kd. 
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the  amount  theoretically  allowable.  There  is,  therefore,  a  wide 
margin  for  acqiiirinj^  and  improving  water  rights.  Suppose  we 
conclude  to  spend  $50,000  for  a  pole  line  and  operate  the  line 
at  20  per  cent,  drop,  \\c  shall  then  find  it  w-ill  pay  to  secure  and 
improve  by  storage  reservoirs  or  otherwise  any  waterfall  within 
a  radius  of  nearly  14  miles,  if  2,000  volts  E.  M.  F.  be  employed, 
or  21  miles  at  3,000  volls  pressure.  The  annual  interest  charge, 
if  the  entire  sum  be  expended,  would  allow  the  same  profit  on 
the  product  of  the  mine  as  if  fuel  were  being  purchased  at  S4 
per  cord.  By  assuming  the  amount  to  be  expended  for  pole 
line,  etc.,  and  substituting  in  the  above  equation,  we  can  deter- 
mine the  value  of  the  electric  plant  in  the  price  of  wood  per 
cord  or  coal  per  ton.  The  difference  between  the  actual  cost 
of  fuel  and  the  so  calculated  cost  may  be  taken  as  a  conve- 
nient measure  of  the  advantages  of  electricity  over  steam. 

No  further  comment  is  required  to  emphasize  the  peculiar 
adaptability  of  electric  transmission  of  power  to  aid  in  the  solu- 
tion of  one  of  the  most  difficult  of  mining  and  milling  problems 
— the  disappearance  of  fuel. — Edu^  I).  Self,  '86,  /;/  The  School 
of  Mijies  Quarterly^  November,  x"!^^^. 


THE    MIDWINTER   MEETING  OF    THE    ALUMNI 

ASSOCIATION. 

The  regular  Midwinter  Meeting  of  the  Alumni  Association 
of  Stevens  Institute  was  called  to  order  by  President  Hewitt,  in 
the  High  School  Lecture  Hall,  Wednesday,  Feb.  20th,  1895. 

The  President,  after  his  speech  of  welcome,  announced 
tliat,  as  the  object  of  the  Midwinter  Meeting  was  the  promo- 
tion of  social  intercourse,  the  regular  order  of  business  would 
not  be  adhered  to. 

On  motion,  duly  made  and  carried,  the  reading  of  the  min- 
utes was  dispensed  with,  and  the  minutes  of  the  previous  meet- 
ing were  approved  as  printed  in  the  Indicator. 

The  Mandolin,  Glee  and  Banjo  Clubs  of  the  undergraduates 
were  present  by  invitation,  and  added  greatly  to  the  enjoyment 
of  the  meeting  by  rendering  excelleftt  musical  selections  in  a 
highly  creditable  manner  during  the  evening. 

After  the  Mandolin  Club  had  opened  the  musical  part  of 
the  program  with  selections  which  were  much  appreciated,  the 
President  stated  that  it  was  with  a  great  deal  of  pleasure  he  ex- 
ercised his  privilege  to  cull  for  remarks  from  one  so  greatly 
respected  among  us  as  President  Morton. 

President  Morton  took  for  his  subjects  the  Alumni  Building 
Fund  and  the  Financial  Condition  of  the  Institute.  Both  the 
Fund  and  the  Institute  were  in  good  shape,  the  President  stated, 
notwithstanding  the  hard  times.  The  slow  rate  of  increase  of 
the  Fund  he  considered  entirely  due  to  the  times,  but  noted 
that  there  is  a  steady  growth  of  $1,500  a  year  from  interest 
alone.* 

He  expressed  his  judgment  that  when  the  Fund  suffices  to 
pay  for  a  definite  and  useful  portion  of  the  proposed  building 
the  election  of  that  portion  should  be  at  once  begun. 

After  the  Glee  and  Banjo  Clubs  had  each  rendered  selec- 
tions Prof.  Krceh  on  being  called  u{)on  made  a  very  interesting 
address,  giving  the  result  of  the  \otc  of  the  Alumni  as  to  the 
languages  which  should  be  required  for  admission  and  taught 
in  his  department  The  general  expression  of  the  vote  was 
that  Spanish  be  omitted  antl  French  and  German  taught. 

*  This  includes  the  interest  on  the  Sio.ooo  of  bonds,  wliose  income 
for  a  term  of  vears  President  Morton  has  contrihnted  to  the  Fund,  and  the 
interest  on  about  $11,000  of  the  Fund  subscribed,  collected  to  date  and 
invested. 
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The  decision  of  the   Faculty  in  the  matter,  Prof.   Kroe" 
stated,  was  to  appear  in  the  new  catalogue  of  the  Institute,  an- 
was  to  the  effect  that  the  course  in  German  would  be  require 
to  be  taken  as  heretofore.     The  course  in  PVench  would  be  rt-== 
quired  to  be  taken  by  those  not  desirinjj  to  take  Spanish,  an 
those  students  desirinj^  to  take  Spanish  would  be  required  t 
pass  an  entrance  examination  in  French. 

Following  Prof.  Kneh,  Mr.  Cralt,  '95,  sang  a  soprano  sol< 
and  then  gave  an  amusing  imitation  of  Prest.  Morton's  phont 
grapli.  _ 

Prof.  Leeds  was  next  called  upon  and  was  listened  to  wit :: — ^  -*■  »^' 
much  interest. 

The  Mandolin  Club  gave  several  selections,  and  Messrs.  I It      ^ 

C.  and  R.  L.  Messimer,  accompanied  by  the  Glee  Club,  saitr     m.  -tf=in 
*'  Susan  Hrown."  _ 

Those  present  will  not  soon  forget  the  happy  vein  in  whic  ^  ^__ic 
Prof.  Denton  responded  when  called  upon.  His  criticism  of  ft'i^^  -ai 
ima'^inary  letter  from  the  Kxecutive  Committee  notifying  tL^K  Jrth( 
Professors  "that  they  might  say  a  few  words  at  the  meetinji:^:--^  -»^' 
started  the  laughter,  and  the  submission  ot  a  "senior  compoui  ■  M^nd 
conundrum"  and  other  "* serious  ideas,"  kept  it  going  until  W^K         he 

closed  by  reading,  **as  a  topic  to  provoke  discussion,"  an  appi :«:  ro. 

priate  poem  entitled  ".Sand." 

All  present  joined  in  singing  "The  Mechanical  F^nginee  -^^c     r," 
and  the  meeting  adjourned. 

An  excellent  collation  was  then  served,  old  friendships    ^r^mre- 
newed,  and   new  ac(|uaintanceships   formed,   and  many  an  ^^        .v- 

pression  of  satisfaction  uttered  over  the  increasing  interest  m.M id 

enjo\'inent  found  in  the  Midwinter  Meetings. 

rJST    OF    MKMnKKS    IN    ATTENDANCE. 

President,  llenrv  Morton,  H.  K.  (iriswold,  '88 

Prof.  C.  W.  MaJCrd.  A.  S.  Miller, 

A.  R.  Leeds,  ).  W  L.  Pierson, 

C.  F.  Knell,  A.  L.  Shreve,  • 

J.  K.  Denton,  'j^     J.  Fast  wood,  '89 

Asst.  Prof.  A.  Riesenherger, '7^^  H.  L.  Fbsen, 

"     \V.  11.  Hristol.      84  D.  H.  Gildersleeve, 

"     D.  S.  Jacobus,      'S4  R.  C.  Oliphant, 

"     R.  M.Anderson. 'S;  J.  S.  De  Hart,  '90 

"     S.  D.  (iraydon,    '75  A.  H.  Hall, 

"     Cj.  L.  Manning,   '91  K.  11.  Peabody, 

William  Hewitt,         '74  G.  L.  Todd, 

J.  M.  Crenier,  '76  J.  A.  Davis,  .   91 

V.  F.  Raque,  "  A.  ].  Dixon, 

A.  R  W'olfi",  "  F.  Lorsch, 

F.  F.  Idell,  jj  L.  H.  Nettleton, 
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44 
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L.  H.  Nash.  '77 

A.  A.  de  Bonneville,  '7^ 
F.  C.  Jones, 
E.  P.  Thompson, 

W.  W.  Dashiell, 
J.  W.  Lieb,  Jr.. 
J.  Wetzler, 
VV.  L.  Lyall. 
H.  dc  B.  Parsons, 
E.  Burhorn, 

B.  H.  Coffey. 
W.  N.  Stevens, 
W.  C.  Post. 
J.  H.  Cuntz, 
J.  D.  Flack. 
J.  R.  Onderdonk, 
C  H.  Page,  Jr., 
J  • .  A.  Bang, 
H.  Beyer, 
<jr.  Campbell, 
1^*.  St.  G.  Campbell, 
Cj.  Dinkle, 
P.  A.  Doty, 
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A.  R.  Hake.  '92 

F.  E.  Law, 
H.  Loenherz, 
VV.  O.  Ludlow, 

II.  C.  Meyer,  Jr.. 

A.  J.  Post.  Jr., 

II.  D.  Reed, 

Chas.  F.  Vogelius, 

L.  Waefelaer,  Jr., 

C).  C.  Whitney, 

II.  A.  Adams,  '93 

A.  K.  Bruen, 

().  (;.  Dale, 

F.  D.  Furman, 

E.  D.  Lewis, 
A.  B.  Lord, 

F.  L.  Parker, 
J.  \'.  Miicdonald, 
Chas.  F.  Rittenhouse, 
W.  IL  H.  Roberts,  jr., 
J.  Cottier,  '94 
D.  Corbin, 
C.  C.  Mart  pence. 


The  following  members  of  Stevens  Glee,  Banjo  and 
cdolin  Clubs  contributed  to  the  enjoyment  of  the  evening. 


Man- 


D.  D.  Barnum, 
iJS.  Cooper, 
^/l.  E.  Craft, 
R.  E.  Hall, 

E.  M.  Harrison,  Jr., 

F.  N.  Mac  Veety, 
I-\  N.  Taff, 

H.  A.  Green idge, 
J.  P.  Badenhausen, 
L.  J.  Borland, 
K..  E.  Bruckner, 
K.  Campbell, 
J .  P.  Evertz. 
-A.  W.  Gunnison, 
H.  M.  Hardie, 

G.  Kollstede, 

M^.  H.  Mac  Gregor, 
H.  C.  Messimer, 


95 

it 


It 


»• 


•0 


(4 


14 
44 
41 

44 
41 
t( 


(.).  A.   Poi)e, 
P.  D.  Wagoner, 
A.  C.  Woodward, 
C.  Hidden, 
J.  F.   Hunter, 
(j.  L.  Hutchins, 
W.  A.   Kirk  land, 
H.  C.  Mathey, 
R.  L.  Messimer, 
(j.  P.  Richardson, 
M.  Rugglcs, 
A.  De  L.  Smith, 
(j.  \).  W'illiamson, 
K.  X.  Wood, 
R.  C.  Post, 
R.  S.  Scott,  Jr. 
A.  Macdonald, 
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ATHLETIC  NOTES. 

At  the  annual  convention  of  the  United  States  Intercollcf^iate  Lacrosse 
Association,  held  Feb'y  i6th  at  Philadelphia,  the  hand-book,  "  How  to  Play 
Lacrosse,"  edited  by  W.  H.  Corbett,  95,  and  published  by  the  American 
sports  Publishing  Co,,  was  adopted  as  the  official  guide  of  the  Association. 

The  following  schedule  of  games  was  agreed  upon,  viz. : 

May  II,  J.  H.  U.  vs,  Stevens,  at  Baltimore. 
May  18,  Lehigh  %fs.  J.  H.  U.;  at  Bethlehem. 
May  25,  Lehigh  vs.  Stevens,  at  Hoboken. 

The  formal  award  to  Stevens  of  the  championship  for  1894  was  made» 
and  the  following  officers  elected  : 

President — W.  H.  Corbett,  Stevens. 
Vice-President— J.  C.  Dick,  Lehigh. 
Secretary  and  Treasurer  -J.  H.  Pleasants,  Jr.,  J.  H.  \J, 

i  B.  M.  Mc  Donald,  Lehigh, 
Kx.  Com. —  -:    T.  F.  P.  Cameron,  J.  H.  U., 

(  J.  F.  Hunter,  Stevens. 

An  ind(K)r  game  of  Lacrosse  was  played  with  the  Orange  Athletic  Club 
at  Orange,  N.  J.,  on  Feb'y  28th,  resulting  in  a  score  of  10  to  7  in  favor  of 
Stevens. 
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The  following  prices  will  be  paid  for  the  back  numbers  of  the 
Indicator  stated  below,  if  delivered  in  good  order  to  the  editors  : 

$1.00  for  each  of  ten  copies  of  Vol.  7,  No.  3  (July,  1890),  and  for  each  of 
ten  copies  of  Vol.  8,  No.  4  (Oct.,  1891). 

50  cents  for  each  of  the  following  : 

One  copy  Vol.  2,  No.  2. 

One    "            "  ••  4. 

Four  copies    "  "  7. 

One  copy       "  "  8. 

Two  copies    "  "  9. 

Two      "     Vol.  3,'   "  I. 

Two      "         "  "  5. 

Prof.  Jacobus  has  in  progress  a  test  upon  the  distribution  of  moisture  in 
steam  when  flowing  through  a  horizontal  pipe.  This  is  a  continuation  of  his 
Test  of  Small  Throttling  Calorimeters,  the  results  of  which  were  presented  at 
the  December  meeting  of  the  American  Society  of  Mechanical  Engineers,  and 
are  placed  before  our  readers  in  this  number.  The  results  of  the  supple- 
mentary test  will  be  presented  at  the  Detroit  Meeting  of  the  Association  this 
summer. 

The  class  ^)F  '95  has  presented  to  the  Institute  for  the  use  of  the  De- 
partment of  Electricity  a  40-horse-power,  high-speed  Payne  engine,  which 
will  be  immediately  set  up  and  brought  into  service  in  connection  wiih  work 
on  the  graduation  theses  of  several  members  of  the  class. 

The  Ball  and  Wood  Enoine  at  the  Kdison  Electric  Company's 
plant  in  Paterson,  N.  J.,  has  recently  been  made  the  subject  of  a  thorough 
test  by  Prof.  Jacobus.  It  is  the  same  compound  engine  of  novel  design 
which  was  exhibited  at  the  Hall  &  Wood  shops  last  fall  to  a  delegation  of 
mechanical  engineers,  and  the  test  was  undertaken  to  determine  its  steam 
consumption  per  horse-power  per  hour. 

•Professor  Denton  has  taken  the  senior  class  to  Pittsburg  on  its  In- 
spection Tour,  of  which  the  following  was  the  itinerary  : 

Monday,  March  i  itli,  Philadel[)hia,  Pa.  Baldwin  Locomotive  Works, 
Cramp  Ship  Yards,  Artificial  Ice  Plant.  Plate  System, 

Tuesday,  March  12th,  Drifton,  Pa.     C(»al  Mines  of  Coxe  Brothers. 

Wednesday,  March  13,  Altoona,  Pa.  Locomotive  Shops  and  Labora- 
tories of  Pennsvlvania  K.  R. 

Thursday.  March  14th,  Pittsburg.  Pa.  Cariiei,ne  Stet-l  Works  and  New 
Oflice.s — the  latter  remarkable  for  completeness  of  heatinir.  roolinix  and 
ventilating  appliances. 
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Friday,  March  15,  Pittsburj?,  Pa.  Westinghouse  Electric  Company's 
Shops,  Westinghouse  Air  Brake  Company's  Shops. 

Saturday,  March  i6th,  Pittsburg,  Pa.  National  Tube  Works,  Pittsburg 
Water  W-orks. 

THE  ENGINEERING  SOCIETY. 

An  interesting  meeting  was  held  on  the  20th  of  February. 

Mr.  Robinson,  in  reviewing  the  mechanical  journals,  called  attention  to 
"Oil  and  Fuel  "  especially  for  locomotive  and  steamship  service,  also  to  the 
re|K)rt  of  the  Anny  Engineers  on  the  proposed  Hudson  River  Bridge,  and 
to  a  methixl  of  making  absolutely  tight  pipe-joints.  Facts  were  also  pre- 
sented concerning  the  preservation  of  iron  from  rust,  and  some  account  of 
the  discovery  and  properties  of  Argon. 

Mr.  Walker  described  recent  progress  in  electrical  matters,  such  as 
electrical  welding  of  rails  and  the  B.  &  O.  electric  locomotives,  and  called 
attention  to  the  ])ublication  in  English  technical  and  scientific  journals  of 
information  relative  to  American  achievements  of  which  little  is  heard  in 
America. 

.  An  entertaining  feature  of  the  meeting  was  furnished  by  Mr.  Jackson, 
who  exhibited  a  nunil)er  of  fine  lantern  views  of  South  American  scenes, 
covering  Valparaiso,  Rio  de  Janeiro,  and  points  on  both  the  west  and  east 
coasts. 

On  March  14th,  one  of  the  best  attended  meetings  of  the  Association  i^-as 
held. 

The  production,  properties  and  utilization  of  aluminium  was  the  subject 
of  a  paper  by  Mr.  Boucher,  which  led  to  an  interesting  discussion. 

Mr.  McGregor  reviewed  the  electrical  journals,  touching  on  the  uiilitv 
of  calciuni  carbide,  the  permanency  of  electrocution,  and  submitted  for  dis- 
cussion a  comparison  of  electric,  oil  and  gas  light  for  lighthouses. 

Mr.  Wood  l)n>ught  forward  the  problem  of  air  navigation,  giving  details 
of  the  Maxim   tlying  machine,  illustrated  by  lantern  views. 

Mr.  Kingsford  explained  with  the  aid  of  a  drawing  the  stresses  in  a 
bicycle  frame  with  the  rider's  weight  applied  at  different  points. 

A  special  meeting  of  the  Association  was  held  on  March  6th,  at  which 
a  propt^sition  for  the  publication  of  the  proceedings  of  the  Association  in 
book  form  was  considered  and  accepted. 

It  was  resolved  that  a  committee  of  three  including  the  President  be 
appointed  to    review  the  matter  for  publication. 

MUSICAL    CLUBS. 

The  season  has  been  an  unusually  active  one,concerts  having  been  given 
at  Hoboken,  January  15,  Jersey  City,  January  22,  Bergen  Point.January  29. 
Montclair,  February  4,  Brooklyn,  February  12,  and  Orange,  F'ebruary  14. 

The  last  of  the  series  was  an  occasion  of  especially  enjoyable  character 
to  the  members  of  the  clubs. largely  due  to  the  kind  interest  of  Mrs.  Chas.  F. 
Krah  and  the  other  patronesses,  among  whom  were  Mrs.  Geo.  L.  Manning. 
Mrs.  George  Cami)bell,  Mrs.  E.  D.  Kuggles,  Mrs.  C.  B.  Yardly,  .Mrs.  James 
M.  Ludlow  and  Mrs.  Everett  Frazar. 
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//  is  our  edeavor  to  notice  under  this  heading  such  items  of  news  affect- 
ing graduates  of  the  Institute  as  ?fiay  interest  their  classmates  and  friends 
among  the  Alumni,  lie  are  indebted  to  a  few  members  for  regular  or  fre- 
quent contributions  of  items,  and  ivish  to  make  it  known  that  the  co-operation 
of  all  is  fuost  desirable,  and  will  be  appreciated.  Managing  Editor. 

'76. 

G.  C.  Henning  delivered  a  lecture  on  Feb.  i8th  at  Worcester  Polytech- 
nic Institute  on  Testing  Macliinery  and  Ap[jaratus. 

Wm.  Kent  delivered  an  illustrated  lecture  on  Feb.  16  before  the  BrcMik- 
lyn  Institute  of  Arts  and  Sciences,  on  the  Manufacture  of  Iron  and  Steel. 

//• 

Alex.  G.  Brinkerhoff,  Superintendent  for  Johnson  &  Morris,  Steam 

Heating  and  Ventilating,  114  Leonard  street,  New  York,  was  omitted  by 

mistake  of  the  printers  from  the  list  of  members  of  the  Alumni  Association 

in  the  January  Indicator. 

•81. 
Alex.  C.  Humphreys,  who  returned  from  Europe  on  April  19th,  visited 

the  Institute  a  few  days  later,  ])iinging  his  son  with  him,  to  learn  what  pre- 
paratory work  the  entrance  rc(iuiremenls  for  the  class  of  '99  would  necessi- 
tate. Mr.  Humj)hreys  will  jloubtless  be  the  first  Alumnus  of  Stevens  to  have 
a  son  enter  its  classes. 

Mr.  Humphreys  reports  the  com|)letion  by  his  firm  of  gas  plants  for  Co- 
penhagen, Brussels,  Glasgow,  Belfast,  Liverj»(H)l,  and  Tottenham,  Lon<lon  ; 
and  the  securing  of  contracts  for  plants  for  Souihport,  Belfast  (2d^  with 
capacity  of  3,5oo,cxx)  cu.  ft.  per  day,  lirighton,  1,500,000  cu.  ft.,  Preston 
1,500,000  cu.  ft.,  and  Swansea  750,0(xd. 

H.  C.  White  has  accej)ted  a  position  witli  the  Quintard  Iron  Works, 

New  York  City. 

'82. 
Geo.  Gibbs  presented  the  paper  of  the  day.  entitled  Notes  on  Modern 

Practice  in  Signalling,  at  the  meeting  of  the  Western  Railway  Club  held  in 

Chicago,  Feb.  19th.  It  was  published  in  the  Official  /Proceedings  of  the  Club. 

'84. 
W.  F.  Aldrich  presented  a  written  discussion  of  the  advantages  and 
disadvantages  of  gas  engines  at  the  meeting  of  the  American  S«)ciety  of 
Mechanical  Engineers  held  on  Aj)ril  loth,  and  suggested  the  establishment 
of  a  plant  for  testing  gas  engines,  similar  to  the  turbine-testing  plant  at  Hol- 
yoke. 


246  Institute  Personals, 
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\V.  O.  Barnes  is  with  the  Bleckensderfer  M'f'g  Co.,  Stamtord,  Conn. 

S.  P.  Bush  presented  the  paper  of  the  day  at  the  meeting  of  the  Western 
Railway  Club  on  Jan'y  15.  His  subject  was  "Methods  of  obtaining  Econ- 
omy in  the  Use  of  Fuel  on  Locomotives."  The  pai)er  appears,  with  the  dis- 
cussion of  it,  in  Official  Proceedings  of  the  Club  for  January'. 


•8v 


>3- 
A>?S(>N  W.  BuRCHARD  took  part  in  the  discussion  held  at  the  meeting 

of  the  American  Society  of  Mechanical  Engineers  on  Wednesday,  April  loth, 

on  the  subject  of  gas  engines,  and  submitted  the  results  of  tests  and  records 

covering  a  peritKi  of  six  months  with  the  Danbury  and  Bethel  Electric  Light 

Company's  plant,  which  is  operated  by  three  100  horse-power  Otto  gas  engines 

sujjplied  with  producer  gas. 

William  T.  Clerk,  who  has  established  himself  as  an  architect  in 
Santa  Barbara,  California,  where  Spanish  architecture  is  in  favor,  has  come 
to  New  York  and  will  proceed  to  Spain  to  stucly  the  architecture  of  that 
country.  His  address  for  the  current  year  is  32  W.  17th  street,  Xew  York  City. 

John  >L  Rusbv  was  granted,  on  Jan'y  15th,  letters-patent  for  an  im- 
proved water  gas  apparatus,  and  has  assigned  his  rights  under  it  to  the 
United  Gas  Improvement  Company. 

Thos.  G.  Smith,  Jr.,  contributed  to  Ccissiers  for  February  a  paper  no- 
ticing "Recent  American  Direct  Connected  Engines  and  Dynamos." 

'86, 
E.  P.  MowTON  has  removed  to  No.  2  Wall  street,  New  York  Citv. 
E.  F.  White  may  be  addressed  at  125  E.  ist  street,  Bayoime,  X.  J. 

•87. 

J.  H.  CiNTZ,  in  a  highly  intorcstint:  article  in  Cdss/crs  for  Febniar)-, 
tells  clearly  how  incandescent  lamps  arc  made. 

'8S. 
K.  J.  Willis  has  written  for  the  Feb'y  issue  of  (\iss/rrs  Afiij^tjzijte  3, 
{)aj)er  on  "Conihiiied  l-'t'ticiciRics  of  Mechanical  aii<l  I'Jectrical   Machines." 

'01. 
Hi:nr\  K.  Woi.roTT  and  SrsAN  Lawrkmi:,  dainrhter  of  Richard  B. 
Lawrence  of  Oranv^e,   X.  J.,   were    married     Fi^h'y    22,    at    the  Unitarian 
Church,  ( )range.  X.  J. 

IU)\VAKi)  T.  (iiKNKV  and  Miss  Clara  Dkak  of  Jersey  City,  X.  J.,  were 
married  on  April  17th. 

X.  S.  lliLL,  Jk.,  and  Miss  Isahf.i  i.i-:  IUknks  Hkkkv  were  married  at 
the  linnif  of  the  mother  of  the-  bride,  Mrs.  Jolin  T.  Herry,  (^1 1  St.  I'aul  street, 
lialtiniorc,  Md.,  on  April  I7tli. 

IIkrman  Lowknukkz,  jr.,  hriclly  discusses  the  "Inspection  of  Steel 
I\ail>  for  IJictric  Railways'*  in  an  arti(  U*  pul>lishe<l  in  7/it'  Electriciii  En- 
i^inr  (■)■  of  l\l)'y  ^ith. 

JOHN  T.  S(  MKAMMi:  is  a  nunihcr  ot  tht- tirm  of  Schrannne  Bros.,  for- 
merly Schrannne  \'  1"u1Kt.  stock  brokers,  57  liroadway,  X.  Y. 
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93. 

Anson  G.WiLBOR  has  been  appointed  Assistant  Professor  of  Mathe- 
matics and  Physics  in  the  Albany  Academy,  Albany,  N.  Y. 

Theo.  Lkonhakd,  has  secured  employment  as  draughtsman  with  the 
National  Sugar  Refining  Co.,  Yonkers,  N.  Y. 

E.  P.  Buffet's  thesis  on  the  Ma>::netic  Properties  of  Nickel  Steel  was 
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ABSTRACT    OF    LECTURE    DELIVERED    BEFORE    SENIOR 
CLASS  OF  STEVENS   INSTITUTE  OF  TECHNOLOGY. 

BY  PROF.  COLEMAN  SELLERS,  E.D. 

THE  lectures  delivered  by  the  Professor  of  Engineering 
Practice  of  the  Stevens  Institute  of  Technology  arc 
expected  to  bring  you,  as  students,  in  closer  touch  with  engi- 
3ieering  work  as  it  is  carried  on  at  the  present  time,  and  to  show, 
3iow  the  knowledge  acquired  in  the  regular  course  of  studies 
<<an  be  applied  to  the  best  advantage,  as  well  as  to  encourage 
^rou  in  regard  to  your  work,  and  to  show,  if  possible,  that  all 
of  the  college  work,  no  matter  how  seemingly  useless  at  the 
Time,  will  surely  be  of  use  if  followed  up,  appreciated  and 
"forced  into  use  by  practice. 

Those  of  you  who  have  had  shop  practice  before  entering 
This  school,  and,  feeling  the  need  of  technical  education,  have 
nought  it  of  your  own  free  will,  need  no  assurance  from  me  as 
To  the  ultimate  value  of  all  branches  of  the  scientific  studies 
forced  on  you  during  your  term  here.     Before  the  state  of  the 
^ifts  called  for  high  technical  education,  the  classics  and  math- 
hematics  were  deemed  essentials  for  education  to  teach  modes 
'^of  thought,  and  were  used  as  metliods  of  training  to  strengthen 
The  mind.     Few  young  men  nowadays  can  spare  time  to  follow 
The  old  course  in  Latin  and  Greek  and  the  living  languages, 
^nd  also  to  take  up  the  full   line  of  studies  required  in  your 
case,  and  which  of  themselves  task  your  mental  efforts  to  the 
xitmost. 

There  are  students  who  thirst  for  knowledge  of  all  kinds. 
Some,  knowing  the  good  that  will 'result  from  their  exertions, 
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become  students  by  natural  bent,  taking  to  work  as  a  pleasing 
duty,  and  becoming  fond  of  the  very  subjects  which  at  first.filled 
thepi  with  discouragement  and  anxiety.  Such  young  naen 
grow  up  to  habits  of  industry,  and  find  pleasure  in  worki'ug. 
Such  students  learn  sooner  or  later  that  in  work  only  can  a 
healthy  man  find  rest  and  recuperation.  The  enthusiastic  hun- 
ter labors  physically  harder  than  many  laboring  men,  and  calls 
it  sport.  Humboldt,  Agassiz,  and  a  host  of  others,  led  lives  of 
unremitting  labor,  both  mental  and  physical,  desiring  no  other 
condition  of  life  than  that  of  hard  work.  Such  men  keep  clear 
of  all  the  deep  ruts  that  cramp  ;ind  limit  the  scope  of  some 
specialists  who  follow  some  one  line  of  thought.  The  road  in 
which  they  move  is  broken  down  by  paths  in  all  directions, 
and  no  subject  is  unworthy  of  their  attention. 

.  Before  the  foundation  of  any  technical  schools,  the  educji- 
tion  supplied  by  the  highest  colleges  proved  to  be  of  very  little 
value  to  any  except  those  who  were  aiming  to  follow  the  so-called 
learned  professions  of  divinity,  law,  medicine,  etc.  A  striking 
illustration  of  tlic  insufficiency  of  the  instruction,  so  far  as  en- 
gineers are  concerned,  was  manifested  to  me  at  the  time  your 
President,  Dr.  Morton,  was  Secretary  of  the. Franklin  Institute 
in  Philadelphia,  or  rather  previous  to  his  being  appointed,  when 
he  was  applying  himself  diligently  to  acquiiing  a  proficiency 
ih  knowledge  of  physics  and  chemistry  beyond  what  college 
education  had  given  hirn.  He  graduated  from  the  University 
of  Pennsylvania  wiih  honor,  having  done  most  excellent  work 
while  connected  with  that  institution.  The  Franklin  Institute 
vVas  founded  by  some  earnest  men  who  felt  the  need  of  some 
better  education  than  could  be  given  to  them  in  the  schools, 
and  which  would  be  of  use  to  them  in  their  business  as  me- 
chanics or  manufacturers.  The  professors  of  the  University  of 
Penns}  Ivania,  at  least  those  who  taught  chemistry  and  natural 
philosophy,  and  many  students  of  the  sciences,  found  the 
Franklin  Institute  a  useful  school  for  themselves,  because  they 
came  in  contact  there  with  practical  men,  and  acquired,  an 
amount  of  information  which  they  ccaild  not  have  obtained 
from  any  books  published  at  that  time.  The  kindly  feeling 
which  existed  between  the  professors  of  tiie  University  of  Penn- 
"vania  and    the  members  of   the   Franklin   Institute  at  the 
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founding  of  the  latter,  has  been  kept  up  ever  since,  and  it  is 
worth  noting  that  the  present  venerable  President  of  the  Amer- 
ican Philosophical  Society  is  proud  to  claim  the  Franklin  In- 
stitute as  the  sole  and  only  means  of  his  having  acquired  the 
general  knowledge  that  .fitted  him  to  be  the  administrative  head 
of  a  dignified  and  learned  society. 

The  Central  High  School  of  Philadelphia  sprang  from  the 
Franklin  Institute's  attempt  to  teach  technical  sciences  by  lec- 
tures and  night  classes,  but  the  greatest  advance  in  the  Frank- 
lin Institute  came  with  the  active  work  done  by  Dr.  Morton  as 
Resident  Secretary,  after  the  constitution  of  the  Institute  was 
changed  from  its  first  design  to  one  permitting  the  appoint- 
ment of  a  Resident  Secretary  who  would  be  a  man  of  sufficient 
technical  ability  to  make  him  of  use  to  the  members  as  an  ad- 
viser, and  who  could  bring  before  the  society  all  the  most 
remarkable  instances  of  engineering  practice  which  might  be 
needed  by  the  members,  and  which  might  be  of  use  to  them  in 
their  business.  The  interest  that  men  like  Prof.  Bates,  Prof. 
Rogers  and  Prof.  Frazer  had  taken  in  the  Institute  showed  the 
advantage  of  bringing  the  practical  working  men  into  close 
connection  with  those  who  might  be  considered  as  purely  the- 
oretical men,  to  the  mutual  benefit  of  both. 

Men  like  Oliver  Evans,  and  others  of  the  early  engineers, 
who  undertook  to  express  their  ideas  in  writing,  were  close  ob- 
servers of  physical  phenomena  without  being  proficient  mathe- 
maticians. When  Dr.  Morton  was  made  Secretary  of  the 
Franklin  Institute,  and  later  editor  of  the  Joiirual,  his  work  in 
the  Institute  seemed  to  bear  immediate  fruit,  and  the  lectures 
which  he  delivered  at  the  Academy  of  Music  stood  at  that  time 
as  unequalled  in  brilliancy  and  utility,  so  that  his  connection 
with  the  Franklin  Institute  marked  an  era  of  improvement. 

When  Dr.  Morton  was  made  President  of  the  Stevens  In- 
stitute, he  came  to  Hoboken  with  a  fuller  knowledge  of  the 
needs  of  the  mechanical  engineers  than  most  college-bred  men, 
from  his  close  connection  with  the  practical  engineers  of  Phila- 
delphia, and.  at  the  sant^  time,  he  understood  the  deficiencies 
that  existed  in  the  course  pursued  in  the  colleges  generally. 
Dr.  Morton  had  a  clear  idea  of  what  would  be  required  in  a 
school  of  mechanical  engineering,  and  he  knew  also  the  limit 
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of  such  instruction,  and  was  perfectly  well  aware  that  the  best 
education  would  have  to  be  supplemented  by  very  considerable 
actual  practice.  The  course  pursued  in  the  Stevens  Institute, 
being  what  was  mapped  out  by  its  President  from  the  begin- 
ning, through  the  aid  of  those  collected  about  him,  has  resulted 
in  turning  out  a  number  of  men  who  have  acquitted  themselves 
well  in  active,  practical  life,  and  each  of  these  men  has,  as  a 
graduate,  proved  the  correctness  of  the  methods. 

Late  in  the  autumn  of  last  year  I  had  the  pleasure  of  a 
visit  to  the  McGill  University,  at  Montreal,  and  had  an  oppor- 
tunity to  address  all  the  class  of  the  scientific  department,  to 
describe  to  them,  as  far  as  I  could  in  a  brief  way,  the  work  that 
is  being  done  at  Niagara  Falls,  in  the  State  of  New  York,  to 
utilize  the  water-power  of  that  great  cataract.  In  talking  to  the 
Dean  of  the  Faculty,  I  learned  from  him  that  he  had  heard  fre- 
quent expressions  from  people  who  were  seeking  the  services 
of  graduates  of  scientific  schools,  to  the  effect  that  the  students 
of  the  Stevens  Institute  came  to  their  work  with  less  self-con- 
ceit and  a  more  earnest  desire  to  acquaint  themselves  with  the 
practical  needs  of  engineering  than  those  from  some  other  in- 
stitutions professing  to  send  out  full-fledged  engineers,  who 
should  be  capable  of  following  their  professions  from  the  be- 
ginning, and  who  would  aim  to  be  directors  from  the  com- 
mencement, rather  than  useful  assistants. 

It  is  a  noteworthy  fact  that  for  a  great  many  years  manu- 
facturers looked  upon  college  graduates  as  not  of  nearly  so 
much  use  to  them  as  those  who  had  served  regular  apprentice- 
ships to  the  trade  and  had  grown  up  in  business  from  boyhood, 
even  though  the  technical  knowledge  of  the  shop-trained  stu- 
dents was  very  much  less  than  that  of  the  students  from  the 
technical  schools.  It  was  Dr.  Morton's  intention  from  the  be- 
ginning to  have  the  students  impressed  with  the  idea  that  at 
the  most  they  could  only  learn  how  to  study,  and  must  con- 
tinue the  life  of  a  student  after  they  should  get  into  actual  work 
and  come  in  contact  with  practical  men.  Since  that  time  a 
great  many  industries  have  been  started  that  could  not  exist 
without  a  higher  education  than  was  possible  a  few  years  ago, 
and  notable  among  these  are  the  establishments  for  manufac- 
turing electrical  machinery. 
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Electrical  engineering,  considered  as  distinct  from  engi- 

eering  in  its  broadest  meaning,  can  &e  studied  and  discussed 

ith  satisfaction  only  with  a  knowledge  of  mathematical  meth- 

ds.     Faraday  was  not  a  trained  mathematician;  he  could  not 

bllow  processes  by  means  of  symbols;  he  excelled  in  experi- 

ental  demonstration  wholly.     Great  as  was  his  work,  how 

uch  more  could  he  have  done  had  he  possessed  the  mental 

raining  you  are  supposed  to  have  after  your  four  years  at  Ste- 

ens!    , 

Frequently  I  am  asked  the  value  of  a  thorough  electrical 
education  for  would-be  electricians,  who  see  in  the  electricity 
f  the  future  the  greatest  power  in  the  world.     Such  men  begin 
y  thinking  that  when  our  coal  is  exhausted  we  will  fall  back 
n  electricity  to  light  '^ur  houses,  cook  our  dinners,  and  to  op- 
rate  our  shops  and  railroads.     They  do  not  see  the  steam- 
ngine  or  the  water-wheel  that  drives  the  generator;  they  do 
ot  realize  that  the  successful  electrician,  so  far  as  designing  is 
oncerned,  must  also  be  the  best  mechanical  engineer.     Elec- 
jicity,  as  we  know  it  now,  is  only  a  mode  of  transmitting  mo- 
ion,  but  it  is  not  of  itself  a  prime  mover  or  source  of  power, 
pound  of  coal  burned  gives  its  equivalent  of  heat  or  its 
quivalent  of  light  through  its  equivalent  of  electricity.    There 
perhaps,  no  branch  of  engineering  practice  that  is  more 
asily  understood  and  mastered  than  the  arithmetic  of  electri- 
ity,  as  it  is  to  be  used  in  the  trade;  but  to  study  electricity  as 
science,  what  is  wanted  comes  to  the  man  who  is  not  a  math- 
matician  as  something  that  is  too  difficult  for  him  to  undertake, 
Jid  when  he  forces  himself  to  the  study  of  it,  he  meets  with 
iscouragement  from  his  ignorance  of  mathematics,  and  partly 
om  the  lack  of  clearness  in  the  writers,  and  partly  from  the 
reat  volume  of  immaterial  matter  that  hides  the  real  truths 
at  are  needed  for  a  clear  understanding  of  the  subject. 

Correlation  of  forces  and  conservation  of  energy  must  be 
ught  with  the  A,  B,  C  of  the  common  school  before  the 
asses  will  learn  to  classify  and  put  in  its  proper  place  in  their 
inds  all  that  is  offered  to  them  and  all  that  comes  to  them  as 
5W  and  wonderful;  but  the  students  of  technical  schools  have 
^dvantc^es  beyond  others,  with  their  minds  trained  to  discrimi- 
9te  between  the  true  and  the  false. 
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In  the  present  course  of  lectures,  as  an  example  in  engi- 
neering practice,  I  inten<>to  give  you  as  clear  an  idea  as  I  can 
of  the  work  that  is  being  done  at  Niagara,  as,  since  my  lectures 
of  last  year  and  the  year  before,  this  work  has  been  pushed  to 
a  further  stage,  and  is  being  developed  on  lines  that  were  not 
contemplated  then.  I  shall  probably,  in  the  last  lecture  of  my 
course,  venture  to  call  your  attention  to  subjects  that  are  not 
strictly  germane  to  an  engineering  course;  but,  in  consultation 
with  President  Morton,  I  am  satisfied  that  it  will  be  to  your 
advantage  for  me  to  call  your  attention  to  a  matter  that  he  him- 
self has  seen  fit  to  bring  before  the  class,  viz.:  mistakes  and 
fallacies  in  science.  This  is  suggested  to  me  by  the  paper 
which  has  recently  appeared  in  the  Indicator,  being  a  lecture 
delivered  a  number  of  years  ago  before  the  senior  class  of  the 
Stevens  Institute  of  that  year,  in  which  he  alluded  to  perpetual- 
motion  machines  and  other  fallacies.  My  attention  lately  has 
been  drawn  to  some  of  the  most  surprising  productions  of  men 
who  are  celebrated  as  physicists,  and  who  may  yet  have  been 
led  astray  by  endeavoring  to  apply  scientific  truths  and  lawful 
methods  to  solve  what  is  doubtless  the  basest  fraud.  I  have  so 
often  been  called  to  advise  in  such  matters,  that  I  feel  that  it 
is  part  of  my  duty  to  put  you  on  your  guard  against  mistakes, 
and  to  g\y^  you  some  hints  as  to  methods  of  observation. 

The  business  part  of  engineering,  thecost  involved  in  work, 
is  a  matter  that  should  have  your  most  careful  attention.  You 
are  now  about  entering  upon  your  life  work  at  a  time  of  great 
commercial  depression.  It  is  during  such  periods  of  commer- 
cial depression  that  we  find  the  most  difficulty  in  obtaining  the 
means  for  necessary  engineering  improvements,  and  the  cost 
of  all  such  work  is  more  carefully  weighed  when  times  are  bad 
than  when  we  are  in  the  high  tide  of  prosperity,  and  money  is 
more  easily  obtained.  It  is  necessary  for  you,  as  engineers, 
therefore,  to  have  as  thorough  a  knowledge  as  possible  of  busi- 
ness methods,  of  the  methods  of  successful  merchants,  to  ap- 
preciate the  value  of  money,  to  carefully  weigh  your  plans  i 
the  light  of  cost.  The  best  engineering  is  not  the  accomplish— 
ment  of  an  end,  whether  or  no,  but  the  results  must  be  obtaine 
in  the  best  and  cheapest  manner  at  the  same  time,  not  by  ba< 
workmanship  or  stinting  material,  but  by  exercise  of  judgme 
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as  to  the  real  needs  of  each  case.  Your  services  will  be  in 
greater  demand  if  you  are  capable  of  exercising  good  judgment 
in  advising  those  who  employ  you,  and  of  being  accurate  and 
painstaking  in  all  your  work.  The  mechanical  engineer  has 
mainly  to  deal  with  matter  in  motion,  as  compared  to  the.work 
done  by  civil  engineers,  who  may  be  engaged  upon  large  en-* 
terprises,  from  which  they  derive  great  credit  and  renown. 
Builders  of  such  structures  as  the  Forth  Bridge  or  the  bridge 
spanning  the  East  River  erect  monuments  to  their  own  fame. 
The  material  used  in  these  structures  may  be  placed  judiciously; 
it  may  be  placed  so  as  to  be  attractive  to  the  eye,  and  be  satis- 
factory in  all  respects  except  in  first  cost.  You  have  in  the 
bridge-building  of  America,  as  compared  to  that  of  Europe, 
methods  that  are  distinctly  different  and  worthy  of  your  most 
careful  consideration,  and  the  same  obtains  also  in  regard  to 
structural  work.  The  amount  of  iron  and  steel  now  used  in 
building  purposes  grows  greater  every  year,  and  a  knowledge 
of  the  disposition  of  these  materials,  as  well  as  a  knowledge  of 
their  deficiencies,  should  be  carefully  studied  by  all  who  expect 
to  make  a  name  for  themselves  as  judicious  advisers  and  skil- 
ful engineers. 

I  may  have  occasion  to  refer  to  the  difference  in  the  engin- 
eering methods  of  America  and  other  countries.  A  few  years 
a.go  an  article  appeared  in  London  Engineering  from  the  pen  of 
xny  dear  friend,  Mr.  James  Drrdge,  in  which  he  commented 
.vorably  on  the  value  of  the  papers  published  in  the  Indicator 
proving  the  value  of  the  method  pursued  in  conducting  a 
ournal  issued  by  a  school  of  engineering,  in  which  not  only  the. 
jstudents  took  part,  but  to  which  the  faculty  were  contributors 
A^r.  Dredge  drew  attention  to  some  lectures  on  ''engineering 
p>ractice  published  in  the  Indicator,"  and  spoke  of  the  great 
advantage  of  supplementing  technical  instruction  with  the  ex- 
p>^rience  of  men  who  have  had  considerable  practice  as  engin- 
^^rs  and  who  know  and  value  the  need  of  a  higher  education 
an  that  obtainable  in  the  workshops  only.  One  lecture  on 
:  design  and  methods  of  English  workshops,  as  compared 
ith  the  American  system,  Mr.  Dredge  seemed  to  consider  as 
rtaps  showing  an  unwillingness  to  appreciate  what  English 
"^gineers  can  do  and  are  doing.     It  has  been  my  intention  to 
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mention  this  matter  to  you  to  keep  you  from  falling  into  error, 
and  to  prevent  you  from  misunderstanding  my  contrasts  of 
methods,  in  case  I  should  have  occasion  to  allude  to  such  mat- 
ters in  the  present  course.  I  have  always  endeavored  to  show 
that  American  methods  of  engineering,  as  distinct  from  those 
of  other  countries,  are  the  outgrowth  of  necessity  and  the  result 
of  difference  of  conditions  existing  in  the  different  countries. 
American  locomotives  differ  from  the  English,  and  no  amount  of 
argument  can  make  the  engineers  of  either  country  deviate  from 
what  may  be  called  their  traditional  course.  We  are  closer  stu- 
dents of  what  is  doing  in  England,  perhaps,  than  many  of  the  Eng- 
lish engineers  are  of  what  is  being  done  here ;  and  we  owe  much  of 
our  best  work  to  this  study.  The  changes  we  are  forced  to  make  in 
introducing  European  inventions  into  America  are  not  changes 
for  the  mere  sake  of  changes,  but  for  good  and  sufficient  reasons 
in  every  case.  We  are  obliged  to  adapt  the  design  to  the  con- 
structive ability  of  our  machine  tools,  to  make  the  design  con- 
form to  our  shop  practices,  which  arc  not  the  same,  nor  are  the 
workmen  in  both  countries  alike. 

English  trades  unions,  with  their  stubborn  opposition  to 
the  efforts  of  their  employers,  for  instance,  forbid  a  workman 
to  operate  more  than  one  machine  of  a  kind;  a  machinist  is 
forbidden  to  operate  two  lathes  or  two  planers.  We  hold  to 
the  advantage  of  improving  our  machinery  so  that  when  it  is 
possible  for  more  than  one  machine  to  be  operated  by  one  work- 
man, this  end  can  be  attained  by  making  it  profitable  to  the  em- 
ployee to  do  so  by  enabling  him  to  earn  higher  wages  in  pro- 
portion to  his  ability  and  his  industry. 

American  labor-saving  machines  introduced  into  England 
have  often  failed  and  been  discarded  as  useless,  while  in  this 
country  they  have  proved  for  themselves  their  greater  value 
both  to  the  workmen  and  to  the  employer.  Englishmen  have 
admitted  to  me  that  their  study  into  the  reason  of  this  failure 
to  succeed  with  our  tools  in  England  shows  it  is  not  the  fault 
of  the  machines  or  of  the  tools,  but  of  the  men  who  are  em 
ployed  to  operate  them  in  other  countries,  who  lack  the  abilit 
to  use  these  improvements  to  the  best  advantage;  in  fact,  the 
say  it  is  lack  of  education.  You  will  find,  however,  when  yo 
go  into  American  workshops  that  some  of  our  best  labor-savin 
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• 

:snachines  are  operated  by  foreign-born  workmen,  a  fact  that 

:mnay  seem  to  disprove  the  assertion  that  similar  machines  can- 

lot  be  used  to  advantage  in  England.     There  are,  doubtless,  in 

England  particularly,  a  great  many  workmen  capable  of  appre- 

:iating  what  they  use  to  advantage  when  here,  but  while  in 

:heir  own  country  they  are  hampered  by  trades  unions  and  by 

:heir  customs.     It  may  also  be  confidently  asserted  that  those 

^ho  have  succeeded  in  following  the  example  of  the  workmen 

n  America,  when  employed  among  them,  have  been  of  the  bet- 

er  class,  have  had  the  ambition  to  leave  their  fatherland  and 

eek  employment  in  another  country.     Among  the  moderately 

'U-to-do  middle  class  of  England  there  are,  I  think,  more 

mateur  mechanics  than  here,  or,  perhaps,  in  a  more  densely  pop- 

^ated  country  they  are  nearer  to  each  other  and  show  up  more 

^-frrongly  in  the  publications  devoted  to  their  interests.     Our 

1  i  fcraries  are  filled  with  books   on    machine   construction,  on 

^F>ecialties  relating  to  machinery  and  books  teaching. methods, 

^'i  coming  from  the  other  side  of  the  ocean,  which  are  immeas- 

'^'"ably  useful  to  us  in  many  ways.     They  are  often  rich    in 

^ascriptions  of  ingenious  devices.     No    mechanics'  library  is 

^^^rrx^lete  without  the  five  volumes  of  Holtzapfel's  "Lathe  and 

-^^^chanical  Manipulations."    The  early  volumes,  those  written 

^y   the  master,  stand  alone  in  abundant  utility,  but  the  original 

^^'"iter  failed  to  finish  the  great  work,  and  his  descendants  have 

^^^ed  later  volumes  which,  in  contrast  with  the  great  value  of 

^^    first,  second  and  third,  seem  of  much  less  account.     To  be 

]^^^^sessed  of  a  Holtzapfel  lathe  might  well  be  the  ambition  of 

^^^althy  amateur;   but,  in  the  United  States,  the  hardware 

e  dealers  in  minor  machine  tools  can  fill  our  wants  with  a 

■ 

-^         richer  stock  from  which  to  make  selection  of  more  admira- 

^  devices  than  can  be  bought  in  London.    I  speak  from  abund- 

*^^    knowledge,  as,  when  in  London,  I  took  pains  to  acquaint 

^     Vself  in  this  regard.     I  have  only  to  show  you  examples,  for 

^ta.nce,  of  steel  straight-edges  and  scales,  to  show  you  those 

^^'"^ciuated  in   England  and  those  that  are  in  common  use  in 

r/^^^erica;  but  even  in  the  case  of  the  minor  hand-tools,  which 

^    ^Ve  been  brought  to  such  a  high  state  of  perfection  in  Amer- 

^    by  the  interchangeable  system  of  manufacture,  we  might 

^cct,  for  instance,  the  ordinary  twist  drills  which,  as  made  by 
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the  Morse  Company,  came  into  almost  immediate  successful 
use,  and  which  form  of  drill  has  been  so  admirably  made  in  Al — 
satia.     The  Atelier  de  Common  produced  not  only  drills  o^ 
equal  quality,  but  the  machine  tools  employed  and  perfecte 
by  that  company  for  the  manufacture  of  other  machinery,  sur- 
pass in  accuracy  much  that  has  been  made  here.     As  early 
1876  I  became  possessed  of  numerous  examples  of  work  done^ 
in  Alsatia  by  special  tools  that  turn  out  work  surprising  as  t 
accuracy  of  form  and  exactness  of  dimension,  and  showin 
upon  the  face  undoubted  reason  to  believe  that  no  hand  adjust- 
ment had  been  employed  to  improve  the  work  as  it  left  the 
machine.     In  my  correspondence  with  this  same  house  later,  E 
was  led  to  believe  that  their  work  had  progressed  to  a  stil  X 
higher  state  of  perfection.     I  have  seen  in  the  English  work- 
shops the  best  examples  of  not  only  the  best  workmanship,  bu* 
of  faultless  design. 

We  are  unquestionably  indebted  to  Mr.  Whitworth  for  the 
first  conception  of  simplicity  of  form  added  to  perfection  o: 
of  workmanship,  and  forty  years  ago  no  shop  was  complete 
without  an  equipment  of  standards  made  by  Mr.  Whitworth, 
at  least,  copied  from  him  by  other  English  makers.  But,  ir 
spite  of  recognition  of  all  that  is  good,  and  it  is  indeed  abund- 
ant, you  will,  as  you  acquire  knowedge  of  conditions,  learn  to - 
appreciate  the  superior  commercial  advantages  arising  fronr^ 
the  American  system,  not  only  of  machine  tools,  but  of  engine  J 
construction  and  everything  that  goes  to  make  what  mechan- 
ical engineering  is  to-day. 

When  describing  to  you  some  of  the  engineering  problems 
incident  to  the  work  at  Niagara  Falls,  I  will  give  you  some  ide^ 
of  the  difficulties  encountered  in  transmitting  large  amounts  ot 
power  by  means  of  bevel  gearing.  I  mention  this  to  urge  youx 
attention  to  the  whole  subject  of  transmission  of  motion  hy^ 
means  of  toothed  wheels,  and  the  importance  of  the  study  as  tc^ 
all  the  known  conditions  that  influence  the  shape  of  teeth,  th^ 
limits  of  pressure  and  speed,  and  the  functions  of  each  anc^^ 
every  known  form  of  teeth. 

In  1857,  when  I  was  called  to  assume  the  position  of  chie 
engineer  with  the  firm  of  Wm.  Sellers  &  Co.,  of  Philadelphi 
makers  of  machine  tools  and  mill  gearing  of  all  kinds,  I  foun» 
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myself  compelled  to  take  up  the  study  of  this  subject  and  to 
labor  over  it  diligently  for  many  months.  I  assumed  the  task 
of  laying  out  and  filing  to  shape  all  the  templates  required  by 
the  pattern-maker,  the  millwright  and  the  maker  of  cutters  for 
the  gear-cutting  machinery.  This  knowledge  could  not  be  ob- 
tamed  wholly  from  books,  and  many  careful  experiments  were 
needed  to  reach  the  conditions  of  knowledge  to  enable  a  high 
step  to  be  taken  in  designing  machinery  for  forming  cutters 
for  gear  teeth  without  the  aid  of  templates.  This  study  was  far 
from  complete  as  prosecuted  by  myself,  and  was  carried  to  a 
higher  plane  of  perfection  by  others  of  the  staff,  through  a 
gradual  progress  toward  perfection. 

The  invention  of  the  automatic  gear-cutting  machinery 
which  embodied  some  of  the  many  modes  of  motion  that  we 
had  brought  into  practice,  led  later  to  the  attempt  to  perfect 
the  dividing  mechanism  by  the  perfection  of  the  master  wheel 
of  each  machine.  The  minute  corrections  needed  for  the  first 
dividing  wheel  extended  over  more  than  a  year's  continuous 
work  for  the  best  class  of  machinist.  In  regard  to  this  subject 
of  gear  wheels,  one  cannot  wholly  rely  on  the  purchase  of  stand- 
ard cutters  in  the  open  market.  The  various  problems  likely 
to  be  presented  will  require  the  practical  engineer  to  keep  in 
close  touch  with  all  his  accumulated  knowledge,  and  will  re- 
quire his  keeping  that  knowledge  bright  and  in  working  order 
by  not  neglecting  it.  Neglect  of  our  mental  tools  is  more 
hurtful  than  the  neglect  of  our  cvery-day  working  implements 
of  trade. 

The  principles  of  mechanism,  the  knowledge  of  machinery, 

should  be  so  thoroughly  mastered  as  to  make  your  minds  ready 

to  grasp  all  the  modes  of  accomplishing  any  required  result  so 

Soon  as  the  underlying  governing  possibilities  are  presented  to 

t^tie  mind.     All  the  various  combinations  that  have  been  made 

^-nd  classified  by  teachers  of  mechanics  are  as  needful  to  the 

Engineer  as  the  multiplication   table,  and  must  be  held  in  mind 

^o  as  to  be  called  into  use  automatically,  as  it  were.    There  are 

^•Iways  many  ways  of  accomplishing  any  required  result.     The 

*"^al  inventor  reaches  for  the  best  and  the  simplest,  looking 

"toward  efficiency,  durability,  ease  of  construction  and  facility 

^^f  repair.   With  this  mastery  of  the  principles  must  be  included 
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the  knowledge  of  physical  laws,  and  the  effect  of  the  modes  of 
motion  employed,  and  the  ultimate  result  of  motions  that  for 
the  want  of  forethought  may  result  in  failure. 

The  problem  of  water-wheel  construction  required  the  best 
thought  of  the  best  man.  Governing  machinery  for  the  regu- 
lation of  speed  has  been  made  the  life  study  of  many  men  with- 
out their  nearing  the  end  or  reaching  perfection,  except  in  spe- 
cial cases,  each  intricate  problem  requiring  new  treatment.  I 
do  not  say  this  to  discourage  you.  I  mention  it  to  urge  you 
toward  the  habitual  use  of  your  schooling  by  mental  practice, 
if  not  by  actual  use  in  business.  You  can,  by  giving  your 
thoughts  to  mechanical  subjects,  keep  your  memory  active,  and 
make  yourselves  invaluable  to  those  who  employ  you  for  your 
supposed  proficiency  in  knowing  how  to  think,  how  to  plan, 
how  to  look  ahead,  how  to  be  ready  for  any  emergency. 

You  will  appreciate  what  I  now  tell  you  when  I  come  to 
briefly  speak  of  the  genesis  of  the  switchboard,  as  I  have  seen 
the  work  progress  during  the  last  few  years.  Many  years  ago, 
after  long  and  patient  thought,  I  hit  upon  a  happy  combination 
of  gearing  of  a  well-known  device,  called  the  sun  and  planet 
wheel  motion,  for  a  particular  purpose.  The  use  of  wheels  thus 
arranged  caused  me  to  utilize  the  system  in  many  different  ways 
and  for  many  purposes.  Within  the  last  month  a  new  use  and 
a  modificat'on  of  the  combination  has  come  to  my  help  in  one  of 
the  most  intricate  problems  I  have  ever  had  given  me  for  solution. 
When  you  get  hold  of  a  good  thing  hold  it  fast  in  your  mind; 
don't  do  as  I  did  once  forget  that  you  have  patented  a  combi- 
nation, and,  having  re-invented  the  device,  try  to  accomplish 
the  result  in  some  other  way,  under  the  impression  that  your 
invention  has  been  anticipated  by  some  one,  forgetting  that 
that  some  one  was  yourself.  This  happened  to  me  in  directing 
a  draughtsman  to  make  an  attachment  that  would  permit  mo- 
tion from  the  driver,  but  prevent  reaction  from  the  driven  part 
of  the  machine. 


COMPARATIVE  TEST  OF  A  COMPOUND  LOCOMOTIVE  AND 
A  SIMPLE  LOCOMOTIVE  ON  THE  CENTRAL  RAILROAD 
OF  NEW  JERSEY. 

BY  RUSSELL  E.  TAYLOR,  *94;  CHARLES  C.  KEXYON,  '94;  EDWARD  D. 

MATHEV,  '94. 

THE  locomotives  tested  were  excellent  examples  of  the 
compound  and  simple  types,  the  compound  having  been 
exhibited  at  the  World's  Fair,  Chicago, 

With  the  exception  of  the  cylinders,  the  two  engines  were 
practically  duplicates. 

The  condition  of  the  rails  was  good  during  all  the  tests, 
but  the  weather  favored  the  compound. 

Every  facility  was  extended  to  enable  us  to  secure  com- 
plete and  accurate  data,  and  it  is  fitting  we  should  gratefully 
^.cknowledgc  the  valuable  assistance  received  from  Mr.  Thomp- 
son, Superintendent  of  Motive  Power  of  C.  R.  R.,  N.  J.;  from 
IVlr.    Vauclain,   Superintendent    of    the    Baldwin    Locomotive 
VVorks,  the  builders  of  the  engines;  from  Mr.  Custer,  the  Bald- 
A^^ins'  expert  on  locomotive  tests;  from  Mr.  Sinclair,  editor  of 
tiFie  Locomotive  Gazette,  and   from  the  Thompson  Water  Meter 
CTompany. 

The  chief  facts  sought  in  these  tests  were  the  water  used 
P^^r  hour  per  horse-power,  the  coal  used  per  ton  of  total  train 
F>^r  mile,  the  evaporation  of  the  respective  boilers  from  and  at 
^  I  2^  F.  per  pound  of  coal,  and  the  action  of  the  engines  under 
^t^e  various  conditions  existing  during  the  tests. 

The  results  are  tabulated  in  the  fol  owing  summary: 

261 


262      Comparative  Compound  and  Simple  Ij>comotive  Tests, 


Summary. 


Compound. 


^  Length  of  test  jJ>,",t«J-; 


Simple. 


57.84  hrs.     37.9 hrs. 
82.16    "        82.1    " 


Per  Cent.  : 
Favor  of 


Comp'd.    Sim 


2.  Water  (lbs.)  per  hour  per  indi- 

cated H.P. 

3.  Tons  of  train  hauled  per  mile  per 

lb.  of  coal 

4.  Evaporation  from  and  ^ 

at  212*^  F.  per  lb.  vOn  run. 
of  coal ) 

$.  Rate  of  combustion  per  scj.  ft.  of 
^rate  surface  per  hour  dur- 
mg  run 


6.  Average  boiler  pressure  (during 

run) 

7.  Greatest  H.  P.  developed  during 

test 

8.  M.  E.  P.  of  greatest  H.P 


9.  Speed  in  miles  per  hour  of  great- 

est H.  P 

10.  Grade  when  greatest  H.  P.  was 

developed 

11.  Greatest  velocity   in   miles  per 

hour  obtained  during  test..  . . 

12.  Coal  consumed  during  test 


13.  Coal  consumed  in  keeping  fires 

over  night  during  test 

14.  Total  coal  consumed  during  test 

15.  Evaporation  fr'm  )  On  run 

and  at  212^'  F.  V  Not  running, 
during  test..  . .  )  Total 


26.598 


4.573 


7.68 


28.855 


3  391 


6.244 


7.83  ^ 


15.85 


18.7 


33.1  lbs. 

164.9 

1266. 9f) 
54.12 

44.09 


41.4  lbs. 

157-5 

1233.08 
6o.Q3 

I 
57.40  i 


20.05 


.6% up.  :.2^^%up. 


86.74 
48.375 

57.672 

Q.2Q7 

371603.19 

23736.86 

395340.05 


83  72 
60,363 

8.328  ' 
68,691 
376479  o 

32665.7 
409144.7 


19.86 


16.04 


10 


27 

3 
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ff 
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Details  of  Engine  No.  450.    Class,  Vauclain  Compound. 

ge  of  Road       .  .  .  .  .  .4'  8)4* 

^der  .  .  .      Baldwin  Locomotive  Works,  Philadelphia. 

"^rice        ........        Passenger. 

^ed  on  Road  ......    November,  1893. 

^1  .  .  .  .  .  Anthracite  Lump  Coal 

^rage  Consumption  of  Coal  per  loo-miles  Run  .  .       3>^  tons. 

"  ight  on  Drivers,  running  order  ....  87,750  lbs. 

Truck,         **  "        .  .  .    36,700 

Total,  "  "  .  .  .  .        124,450 

Tender,       "  "        .  .  .  .    81,400 

d  Weight  of  Engine  and  Tender,  running  order  .  .        205,850 

it  of  Height  .  .  .  .  14'  6' 

Width Q'S' 

'er  Brake,     American  Outside  Equalized,  with  Westinghouse  Fixtures. 

1  cr,  Type  .  .  .    Extended  Wagon  Top  and  Radial  Stays. 

■  Pressure,  or  Working  Pressure  .  .  .180  lbs. 

*  Diameter,  smallest  course  outside  ....      57^' 

*  "  Extension  Front    .  .  .  59  to  59X' 
I  ^r  Material :  Steel  throughout ;  Shell,  Dome,  Slope,  Wagon  Top,  Side 

^nd  Backhead  Sheets,  i^^';  Flue  Sheets,  >^'  ;  Outside  Throat  Sheet, 
^fi*  ;  Inside  Throat  Sheet,  Yi'  ;  Crown  Sheet,  y^"  ;  Fire  Box,  Side 
•Sheet,  ft'  ;  Inside  Backhead  Sheet,  Yz" ;   Stay  Bolts,  \y%'  diam. 


<f 


ff 


ff 


ff 


«« 


*■    Firebox,  length  and  width  inside 
"         depth,  front 

back        .  .  .  . 

Tubes,  Material  and  Gauge 

Length       .  .  .  .  . 

Number  .... 

Spaced  apart        .  .  .  . 

Outside  Diameter 
'Water  Bars,  Number,  Length,  and  Thickness, 
Heating  Surface  Tubes 
"  "  Firebox 

Total 
Grate  Surface        .  .  .  .  . 


ft 


(< 


t« 


.     i3itl'X42>r 
65' 

.      55^' 
Iron  Mo.  12  W.  G. 

.   11'    10' 

250 

2" 

Ten  (10)  133;  X' 

1530  sq.  ft. 

166  sq.  ft. 

1696  sq.  ft. 

38K  sq.  ft. 


«(  (< 

II  <l 


II 

II 

II 

II 

II 

II 
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Ratio  of  Grate  to  Heating  Surface  . 
**        Flue  Openinj?  to  Grate  Surface 

Cylinders,  Bore  and  Stroke  .  .  .        L.  P.  I3'x24"  ;  H.  P.  22'x2 

"  Spread  between  Frames  (outside)    ....         4^ 

'•  *•  "        Centers  ....  84)^ 

Valve  Stem  Centers  .  .  .      $<> 

Cross  Head,  Style  ....  Vauclain  Compounc^ 

"  Material  .......  Cast  Stee  ^ 

Connecting  Rod  :  Material  and  Section  Steel ;  Rectangular  Sectionr^^ 

Ends    ......       Strap  End^^ 

Length,  Center  to  Center  of  Journals  .  .         7'  2^* 

Parallel  Rod  :  Material  and  Section  .    Steel,  Rectangular  Section^^^-] 

Ends Strap  Ends; 

Crank  Pins  :  Diameter  and   Lengths,  Front;  Hub  %'%%'  ;    Par.  Rod  6'x4"* 

Con.  Rod  S'A" '^S'A" - 
Crank  Pins,  Diameter  and  Lengths,  Back  :   Hub4X''x8  ;  Par.  Rod,  4'x4'- 
Crank  Pins  ;  Material       .......      Steele 

Driving  Wheel    ".......    Cast  Iron.^ 

Center,  Diameter  .  .  .  .72' 

Axle:  Material  and  Size  of  Journals       .  Steel  8"xi2' 

Boxes      ....  Cast  Iron  Body* 

Dome,  Location  .....     Extended  Wagon  Top.  *^ 

"       Casing :  Style  and  Material        .  .  .  Plain  Cast  Iron.  "  j^ 

Eccentrics        ........    Cast  Iron.  -• 

Throw  ........        S%' 

Straps         .......    Cast  Iron. 

Exhaust  and  Extension  Front     .        Double  Nozzle  Stand  C.  R.  R.  of  N.  J. 

Frame,  Main  :   Material  and  Section,  Hammered  Iron,  4'x4'  Section. 

Front  "  "  "  "     4'x4'  Section. 

Expansion  Pad,  Style  .  .  .  .  .  .     Lap  over. 

Guides,  Style  and  Material         .  .  .  Hammered  Iron,  Four  Bars. 

Gauge  Cocks    ......        Three,  Self-Cleaning. 

Grate,  Style  and  Material.      Wrought  Iron  Water  Bars  and  Pull  Out  Bars. 
Heater  Cocks  ......     For  Pass.  Car  Heating. 

Hand  Rails  Polished  on  Sides  and  in  Front, 

Headlight,  Style  and  Size      .  .       C.  R.  R.  of  N.  J.,  No.  23*  Reflector. 

Injectors,  Kind      .....       Two,  No.  9  Metropolitan. 

Location  .....  In  Cab  on  emch  side. 
"         Steam  Feed  and  Delivery  pipe        .  .  .  Copper. 

Check  Valve  McDowell  Inside  Check. 

Jacket         ........      Russia  Iron. 

Links     ........    Hammered  Iron. 

Lagging       .......        Asbestos  Boards. 

Oilcup,  Cylinders  .  .  .  Sight  Feed. 

"       Con.  Pari.  Rods,  Guides.  Crossh'ds,  Exc.  Rock,  Shaft,  Needle  Cups. 
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■n  \)i'  wide  with  Follower  plate. 

Cast  Iron,  steam  packing. 

.  Hammered  Iran,  3>j'  diam, 

.      Metallic. 

Wood  Stand  C.  R.  R.  of  N.  J. 

.  Steel.  8K'  and  8. 

Cast  Steel  Piston  Valve. 

L.P  Ji'  H.P?*- 

L.P.W  H.P.>*- 

.      5X- 

Cast  Iron  Plain. 

of  Leaves,  46^'  cent,  to  cent.; 


Pistons,  Material  and  Kind  Cast  Iri 

Packing  Rings 

Rods  ,  ,  ,  . 

Packing 
Pilot,  Material  and  Style    . 
Rocker  Ann,  Material  and  Lengths 
Slide  Valves,  Material  and  Kind 
"  "    Inside  Lap 

"  "    Outside  Lap  . 

"  "    Lead  full  stroke 

Sand  Boi,  Material  and  Style 

Springs,    Driving,   Material,   Length,  No. 

}i'M''.  17  Leaves. 
Springs,  Truck,  Material,  Length,  No. of  Leaves,  40K'  H'i', 
Tender,     "  34«",  H"x4' 

Stack,  Style  and  Diameter  inside        .  .  .      Plain,   Diam.  Ins.,  18' 

Tires,  Material,  Inside  Diameter,  Thickness  and  Section,  Steel  72'  ins.diam 

3'.  M.M.  sec. 

Track  Engine,  Style  .....  Four  Wheeled. 

"  "         Frame  Material  and  Section  .     4x154'"  Wrought  Ii 

"  "        Axle;  Material,  Journals,  .  Iron  44'  cent,  to  o 

Tender        .  .  .  .  C.  R.  R.  of  N.  J.  Stand,  Water  Scoup. 

"    Cistern  ......         No.  8  Flange  I 

"     Truck  ....        4.Wheeled  Wrought  Iron  frame. 

"     Axle,  Material,  Journals,  Iron,   .  Journ.  S'x8';  6'  5'  cet 

"     Truck,  Material  and  Section     .....        4;i^sec. 

"Whistle,  Kind Chime  Whistl 
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Engines  belonging  to  Class  151-455  Five,  451, 452,  453,  454,  455.  —    S 

Gauge  of  Road       .......  4' 8ji'     "^    « 

Builder    ....     Baldwin  Locomotive  Works,  Fhiladelpbia.  —  -^* 

Service       ........  Passenger.  — ~*- 

Placed  on  Road  .....  August,  1893.  -fl' 

Fuel  ......  Anthracite  Lump  Coal. —  *-• 

Average  Consumption  of  Coal  per  100  mil*  run      .  .  4  tons..— ■^^' 

Weight  on  Drivers,  running  order        ....         "   88^00  lbs ^* 

•■    Truck       •■  " 37.850  " 

Total         -  ■■  ....  126,350  " 

"       of  Tender      "  ■'  ....  81,400  " 

Total  Weight  of  Engine  and  Tender,  running  order    .  .      207,650  " 

Driver  Brake.  .  .  American  outside  equalized  with  Westlnghouse  Fixtures.    —  ^^' 

Boiler.  Type Extended  Wagon  Top  with  Radial   Stays -^' 

"       Pressure  or  working  pressure         ....  180  lbs. -^^' 

"      Diameter  of  smallest  course  outside    .  .  .         60  in. -•-*' 

Extension  Front 61  in -^^ 

"  Material,  steel  throughout,  shell,  dome,  slope,  wagon  top,  side  and  -^E^-* 
backhead  sheets,  ,»a'.  Flue  sheets,  K',  Outside  throat  sheet,  f^.'  Inside  ^^— •  ■* 
throat  sheet  Ji',  Crown  sheet  ]y.  Inside  backhead  sheet,  H'>StayboltS  .^^^-* 


Boiler  Firebox,  length  and  width  inside 
"  "        depth,  front 

back    . 
"        Tubes,  Material  and  Gauge 

"  "         Number     . 

'.  '■       Spaced  apart  . 

Outside  Diameter 
"        Number  of  Water  Bars,  length  and 
"       Heating  Surface,  flues 

■'  "  "       total 

"       Grate  Surface 
Ratio  of  Grate  to  Healing  Surface 
"      "    Flue  opening  to  Grate  Surface 


i3"trt42Ji' 
.  67- 
57H- 


Ten(io),    i33"xX" 

1484  sq.  ft. 

224  sq.  ft. 

.    1708  sq.  ft, 

38M  sq.  ft. 

11041.7 

1  to8.4 
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Limit  of  height  of  Locomotive  .  14' 6' 

"      "    width  "        " 9'  8" 

Cab,  width  and  length 9' 6M"x6' 8>^" 

"    height  on  ends  and  in  the  middled  .    5'  ii"x7' 2>^" 

Cylinder,  Bore  and  Stroke      ......       2o"x24' 

"        Steam  ports      ......  i  ^"x2o" 

"        Exhaust  port  .  .      3)4"x2o" 

"        Spread  between  Frames  (outside)      ....         48" 

Centers 86' 

Valve  Face  centers  .  .  .     76%" 

Crosshead,  Style  .......     Alligator. 

"  Bearing,  width  and  length      ....  6K"x2i" 

"  Material         .......  Cast  Steel. 

Connecting  Rod,  Material  ......     Steel. 

Section       ....        Rectangular  Section. 

Ends     .  .  .      Front  end  solid.  Back  end  Strap. 

**      Length  center  to  center  of  Journals     .  .         7' 2%" 

Parallel  Rod,  Material  and  Section  .      Steel,  i  Section. 

"        "      Ends  .......      Solid. 

Rocker  Arms,  Material  and  Length:    Wrought  Iron  ;    Upper  Arm,  ii|^' 
«  i«  ..  «  i<  f<  it         Lower     "      io>^' 

Slide  Valves,  Material  and  Kind  :  Cast  Iron,  Richardson  balanced. 

Inside    Lap.  ....*.     None. 

Outside     "        .  .  .  .  .  I  in. 

Lead  .      -]^  in. 

Travel    .......  6%  in. 

Sand  Box    .......  Plain  Cast  Iron. 

Springs,  Driving,  Material,  Length,  and  Number  of  Leaves  :  46^^  C  to  cen- 
tre ;  }i'M'  \  17  Leaves. 
Springs,  Truck,  Material,  Length,  and  Number  of  Leaves :  40 J^  C  to  center  ; 

j^'^i"  \  14  Leaves. 
Springs,  Tender,  Material,  Length,  and    Number  of  Leaves  :   34 >^    C   to 

centre  ;   ^''x4''  ;  18  and  20  Leaves. 
Stack  ......  Plain,  inside  diam.  18' 

Tires  :   Material,  Thickness,  and  Section  .  .    Steel,  3  in.  M.  M. 

Truck  Engine,  Style.         .  .  *  .  .  Four-Wheeled. 

Frame:  Material  and  Section        .     Wrought  Iron,  i|^''x4'' 
Axle  :   Material      Journals  5>^'x8';  Cent,  to  Cent.  44',  Iron. 
Tender        .  .  .        C.  R.  R.  of  N.  J.  Standard  with  Water  Scoup. 

"       Frame  .......  Iron. 

Cistern       ......       No.  8  Flange  Iron. 

Truck  .....  Four-Wheeled,  Centre  Bearing. 

Axle,  Material  ;'    Journals  5>^''x8'';  cent,  to  cent.  44'    Iron. 
Frame,  Material,  and  Section  .  Wrought  Iron,  2''x4' 

.^Vhistle  .....  .  .      Chime  Whistle. 
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Method  of  Conducting  the  Test. 

Both  engines  were  put  in  the  best  possible  condition,  i.  e., 
flues  cleaned,  boilers  washed, and  overhauled  in  general, before 
starting  the  test. 

Each  locomotive  was  given  a  five  days'  (120  hours)  boiler 
test,  and  on  two  days  of  the  five  an  engine  test  was  made  of 
each  one.  The  train  in  both  cases  consisted  of  the  same  cars, 
so  far  as  was  convenient.  On  the  eastward  run  a  car  was 
dropped  at  Jenkintown,  due  allowances  being  made  in  such 
cases  where  car-miles  were  a  factor. 

The  coal  was  weighed  in  small  boxes  attached  to  a  Fair- 
banks' platform  scales  placed  at  the  coal  station  in  the  Jersey 
City  yard.  The  test  was  commenced  in  the  evening  with  a 
good  fire  by  giving  the  engines  a  weighed  quantity  of  coal, 
noting  the  height  of  the  water  in  the  boiler,  and  reading  the 
water  meters,  boiler  pressure,  and  revolution  counter  attached 
to  the  air-brake  pump;  then  allowing  the  engine  to  stand  until 
morning.  Three-fourths  of  an  hour  before  starting  on  the 
regular  run  to  Philadelphia  and  return,  the  coal  remaining  from 
over  night  was  weighed,  and  a  weighed  quantity  given  the 
engines  for  the  day  run.  The  above  readings  were  also  taken 
again.  Just  previous  to  starting  from  the  Jersey  Central  station 
the  following  data  were  noted: 

Pressure  of  steam  in  boiler,  height  of  water  in  boiler,  which, 
by  the  way,  was  kept  about  constant  during  the  run,  and  the 
same  at  each  reading,  temperature  of  feed  water,  reading  of 
revolution  counter  attached  to  air-brake  pumps,  and  the  num- 
ber of  each  of  the  cars  hauled. 

A  revolution  counter  was  also  connected  with  the  driving 
wheels  on  engine  number  455,  but  such  a  small  amount  of  slip 
was  noted,  that  timing  the  mile  posts,  and  ascertaining  the 
speed  by  means  of  a  velocity  curve,  whose  ordinates  equalled 
the  speed  and  abscisses  the  time,  was  adopted  as  the  best 
method  of  ascertaining  speed  at  any  period  of  the  run.  The 
water  used  by  the  air  brake  was  subtracted  from  that  evapo- 
rized  in  the  boiler,  during  the  engine  test,  to  find  the  water  per 
hour  per  horse  power.  It  was  useless  to  weigh  the  ashes,  as  so 
much  of  the  coal  in  the  form  of  cinders  was  lost  through  the  stack. 
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Some  difficulty  was  experienced  with  the  water  glass  on  engine 
number  450,  at  three  different  times,  compelling  on  those  occa- 
sions a  reliances  on  the  gauge  cocks.     The  engine  test  was  made 
frorii  Jersey  City  to  Wayne  Junction  only  and  return,  this  being 
thought  advisable  on  account  of  the  unfavorable  nature  of  the 
run  fromWayne  Junction  to  Philadelphia,  Pa.,  for  such  tests.  The 
duty  of  the  four  operators  was  as  follows:  one  timed  the  stopping 
and   starting  of  engine,  timed  the   mile   posts,  and   read   the 
vacuum  guage  at  those  times;  the  two  operators  on  the  indi- 
cators blew  out  and  oiled  their  indicators  at  starting,  and  again 
after  every  fifth  card.      Before  taking  a  card  the*  indicators 
were  allowed  to  work  about  ten  seconds,  to  get  rid  of  what 
steam,  might  have  condensed  in  the  pipes  connecting  indicators 
with  cylinders.     The  time  of  taking  cards  was  given  by  the 
man  in  the  cab,  by  ringing  a  gong  placed  in  the  operators'  box 
on  front  of  engine.     On  the  simple   engine  cards  were  taken, 
as  nearly  as  possible,  at  intervals  of  two  minutes;  while  on  the 
compound,  on  account  of  the   necessity  of  operating  two  indi- 
cators on  each  side,  cards  were  taken  at  intervals  of  three  min- 
utes, as  nearly  as  possible.     The  fourth  man's  place  was    in  the 
cab,  on  the  engineer's  side,  and  his  duty  was  to  take  the  throt- 
tle readings  and  the  position  of  reverse  lever,  the  pressure  in 
boiler  at  the  time  of  taking  cards,  also  the  reading  of  meters 
at   stations.     About  five  minutes  after  the  arrival  at  Philadel- 
phia, Pa.,  the  engine  was  backed  down  about  one  mile  to  the 
i"ound  house,  and  stayed  there  for  two  and  a  quarter  hours.  At 
1 .30  the  start  back  to  Jersey  City  was  made.     After  the  arrival 
at:    Jersey  City  the  remaining  coal  was  weighed,  all  the  above 
readings  made,  and  a  weighed  quantity  of  coal  provided  for  the 
night.     This  course  was  followed  each  day,  and  the  test  finally 
^ncded  at  the  same  time  of  day  it  was  begun.     The  weather, 
direction  of  wind   and  condition    of  rails,    were  likewise  ob- 
rved. 
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Description  of  Instruments. 

The  indicators  used  were  of  the  Ashcroft  pattern,  having  a 
rachet  connected  on  each  drum,  for  throwing  the  same  in  and 
out  of  action. 

The  cylinders  were  tapped  at  the  upper  side  of  the  ends, 
and,  on  the  simple  engine,  the  ^-in.  diameter  pipes  which  led 
from  these  holes  connected  with  the  three  way-cocks  over  the 
center  of  the  steam-chest.  On  the  compound,  two  indicators 
on  each  side  of  the  engine  were  used,  one  connecting  both 
ends  of  the  high-pressure  cylinders  ;  the  other,  both  ends  of 
the  low-pressure  cylinders  :  sharp  bends  were  avoided  in  each 
case.  The  reducing  mechanism  consisted  essentially  of  three 
pieces,  ;.  e.,  one  three-foot  rod,  one  link,  and  one  segment. 
The  upper  end  of  the  rod  was  in  each  case  connected  with  the 
running  board  by  a  stud,  about  which  it  was  free  to  vibrate, 
while  the  link  was  connected  at  one  end  with  the  lower  extrem- 
ity of  the  rod,  and  at  the  other  end  with  the  cross-head.  The 
running  board,  although  a  part  of  engine  frame,  was  especially 
braced  for  the  occasion,  to  insure  against  any  motion  relative 
to  the  cylinders  and  guide-bars.  The  segment  was  attached  to 
the  vibrating-rod,  and  its  center  was  the  stud  in  the  upper  part 
of  the  rod. 

The  number  of  strokes  made  by  the  air-pumps  was  ascer- 
tained by  having  a  friction-collar  about  the  piston-rod,  and  that 
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in  turn  connected  with  a  revolution  counter  attached  to  the 
running-board.  The  height  of  the  water  in  the  boilers  was  as- 
certained both  by  water-gauge  and  gauge-cocks.  The  water 
was  measured  easily  and  accurately  by  attaching  Thompson's 
water-meters  to  feed-pipes  between  the  tender  and  the  in- 
jector, in  such  a  position  as  to  be  read  from  the  ground.  As 
these  meters  are  not  designed  for  use  with  hot  water,  flap  check- 
valves  were  placed  between  the  meters  and  injectors,  to  guard 
against  steam  being  forced  back  through  the  meter,  in  case  of 
accident  to  the  injector.  The  straight  gauge,  a  bent  glass  tube 
with  a  range  of  about  thirty  inches,  was  attached  to  the  front 
of  operator's  box  and  connected  to  the  smoke-box  of  engine. 
The  operator's  box  completely  inclosed  the  lower  front  end 
of  engine,  and  was  made  principally  of  |^-in.  pine  boards, 
bolted  and  screwed  together  and  well  braced.  A  feature  in  its 
design  was  the  protection  afforded  to  the  operators  in  case  of 
the  cylinder  head  blowing  out.  The  operator's  position  was 
over  the  cylinders  while  indicatmg. 

Method  of  Standardizing  Instruments  Used  During  Test. 

The  indicators  were  standardized  in  the  usual  way,  by  op- 
erating them  at  different  pressures,  making  sure  to  test  them 
to  the  maximum  pressures  to  which  they  would  be  subjected 
during  the  test.  The  gauge  from  which  the  different  pressures 
were  read  was  carefully  standardized  by  the  standardizing 
scales  at  Stevens  Institute  of  Technology.  The  scale  of  the 
spring  was  computed  by  a  method  devised  by  Prof.  D.  S. 
Jacobus.  As  the  scale  of  the  spring  varies  for  different  press- 
ures, it  is  necessary,  for  accurate  work,  to  find  the  maximum 
and  minimum  cards  for  each  indicator,  and  find  the  average 
scale  of  spring  between  these  limits.  The  method  for  correct- 
ing for  all  variations  in  the  scales  is  as  follows  : 

Division  of  the  Card  in  order  to  obtain  the  Equivalent 
Scale  corrected  for  all  variations  in  the  Scale  of  the 
Spring. 

Divide  the  card  by  a  number  of  ordinates  at  equal  dis- 
tances apart, as  shown  in  Figure  i.     Measure  the  areas  A^,  A3, 
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etc.,  included  between  the  forward-pressure  line  and  the  atmoa  ■* — ^'  -"^ 
pheric  line,  and  the  areas  B,,  B,,  etc.,  between  the  back-pres^  ^^  "^^ 
ure  line  and  the  atmospheric  line.      Multiply  each  area  by  th*-*^;*'  ^ 


A 

rt. 

A. 

A, 

A, 

A. 

^ 

\ 

\ 

- 

1 

I 

B. 

B. 

B. 

B. 

B. 

S. 

'" 

scale  corresponding  with  the  average  pressure,  and  let  SA  bi 
the  sum  of  the  areas  multiplied  by  the  scales  for  the  bad 
pressure  line.  Then  the  equivalent  scale  which  the  average 
height  of  the  indicator  card  should  be  multiplied  by,  in  orde: 
tb  obtain  the  true  mean  effective  pressure,  will  be  (SA  —  SB 
divided  by  the  indicator  card. 

Spring  A. 

Calculations  of  Equivalent  Scale  corrected  for  all  variations  in  the  He 
Scale  of  the  Spring. 

Areas  measured  from  line  15  lbs.  above  atmospfaete. 


LARGEST  CARD  OF  HIGH-PRESSURE  CYLINDER.     RIGHT  SIDE. 


A.3.. 
A.*.. 
A.5.. 
A.6.. 

A.7.. 


^'"-  .HeiBhl.   =P|^^^;"* 


49  B. 
46  B. 
42,  B. 

90  iB. 
30  1b. 
39  B- 
38  B. 
z8   B. 


Equivalent  Scale  =  (419.62- 


62 


H«'Bh'- "sja.*^    sA*-^ 
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SMALLEST  CARD  OF  HIGH-PRESSURE  CYLINDER.     RIGHT  SIDE. 


15  i  '^^ision 
of      Olard. 

Area. 

Mean 
Height. 

Corre- 
sponding 
Scale. 

Area 
X 

Scale. 

Division    .__ 
of  Card    ^^**- 

• 

Mean 
Height. 

Corre- 
sponding 
Scale. 

Area 
X 

Scale. 

liP 

.580 

.515 
.410 

.170 

1. 105 

1.086 

1.086 

.964 

.767 

.637 

100.52 

100.516 

100.516 

100.73 

IOI.13 

101.95 

59.31 
5S.31 
58.31 
51.88 
41.46 

17.33 

B.I.  ... 
B.2.  . . . 
B.3. . . . 
B.4. . . . 
B.5. . . . 
B.6. . . . 

.33 

.17 
.18 

.18 

.23 
.125 

.618 
.318 
•337 
•337 
.430 
.468 

102.00 
103.83 

103.37 

103.37 
102.40 

102.57 

33.66 

18.61 
18.61 

23.55 
12.82 

"JL'otal. 

2.845 

286.60 

• 

1. 215 

124.90 

Equivalent  Scale  =  (286.6 —  124.9) -i- (2.845  —  1-215)  =  99.202. 
Mean  Equivalent  =  (100.01  +  99.202)  4-2  =  99.606. 

The  water-meters  were  also  very  carefully  tested  at  Stevens 

I  r^istitute  of  Technology,  being  subjected  to  the  same  condi- 

^ic>xis  as  when  in  operation  on  the  engine,  i.  e.^  the  average  head 

^^^    Avater  was  the  same,  and  the  water  was  drawn  through  by  a 

*^>cr  emotive  injector  at  about  the  same  average  rate  as  when 

'•-^s^d  on  engine. 

The  steam  gauges  were  tested  at  Stevens  Institute  on 
^'^^-ndardizing  scales,  by  the  gravity  method. 

The  exhaust  of  the  air-brake  pump  was  connected  with  a 
^■^^l^eeler  surface  condenser,  and  the  water  condensed  was  then 
^^^^ighed.  while  working  under  varying  conditions,  j.  £*.,  when 
^•■^.kes  are  applied  suddenly,  and  when  applied  moderately. 

The  planimeters  used  for  finding  the  areas  of  the  indicator 
ds  were  standardized  before  and  during  use. 

Method  of  Calculations. 

The  cards  were  carefully  gone  over  with  a  planimeter  at 
twice,  before  the  final  result  was  accepted  ;  the  revolu- 
^*^^iis  of  the  drivers  at  the  time  of  taking  cards  were  ascertained 
^V'  means  of  the  velocity  curve  previously  mentioned.  The 
^^^rse-power  of  each  card  having  been  calculated,  a  curve  was 
^i"^wn  whose  ordinates  were  the  horse-powers  and  abscisses 
*^^  time  the  throttle  was  open. 

The  horse-powers  were  then  multiplied  by  the  time  they 

I,  and  this  sum  divided  by  the  total  time  the  throttle  was 

;n  during  run,  gave  the  average  horse-power  during  the  run. 

cards  having  been  taken  at  short  intervals,  and  the  run 
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being  quite  steady,  the  error  in  this  method  is  small.      In 
boiler  test,  each  day  was  divided  into  four  parts,  r.  e,,  ti 
standing  over  night,  run  from  Jersey  City  to  Philadelphia 
Philadelphia,  and  from  Philadelphia  to  Jersey  City,  in  or 
that  a  clearer  idea  of  the  steadiness  in  the  behavior  of  the 
gines  might  be  observed.     The  final  results  consisted  of 
average  of  these  readings. 

The  horse-power  of  the  boilers  was  found  by  consideri 
34  %  lbs.  of  water  evaporated,  from  and  at  2 1 2  °  F.  per  hour.    T 
standard  was  recommended  by  the  American  Society  of 
chanical  Engineers.     The  weight  of  the  train  being  known,  t 
coal  per  ton  per  train  mile  was  easily  found.     Samples  of  c 
were  taken  each  day  from  different  parts  of  tender,  and  t 
analyses  of  these  samples  from  each  engine  were  made. 


High   Speed  Cards   from   Locomotive   No.  455  on   Trip 
Jersey  City  to  Philadelphia,  April  13,  1894. 


Right  side. 


No.  9. 


M.  E.  P.— 43.174 


H.  p.— 454x)7 


Scale  of  spring — 99.57 
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Left  side. 


No.  9. 


M.  E.  P.— 37.288 


Scale  of  spring — 99.17 


H.  P.— 433.44 


Boiler  Pressure — 168  Revolutions  per  min. — 310 

Reverse  Lever — 21  Grade — h32.i 

.      Stroke— 24"  Bore— 20" 


*-ow   Speed  Cards  from  Locomotive    No.  455,  on   Trip   from 
Philadelphia  to  Jersev  City,  April  14,  1894. 


Right  Side. 


No.  29. 


*  ^.  E.  P.-87X>74 


Scale  of  spring — 99.57 


H.  P.— 39.18 
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Left  Side. 


No.  29. 


M.  E.  P.— 94.082  Scale  of  spring— 99.17  H.  P.— 42.3^^ 

Boiler  Pressure — 151  Revolutions  per  min. — 12 

Reverse  Lever — 23  Grade— Level 


High  Speed  Cards  from  Locomotive  No.^45o,''on  Trip  fr( 
Jersey  City  to  Philadelphia,  April  26,  1894. 

Right  Side.  No.  20. 

High  pressure. 


iM 


M.  E.  P.— 55.i(;4 


M.  E.  P.— 19.048 


Scale  of  spring — 97.93 
Low  pressure. 


H.  P.-2. 


:2.v 


Scale  of  spring — 81.47 


H.  ?.-:2S^39 


i 
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Left  Side.  No.  20. 

High  pressure. 


£.  P. — 46.654 


Scale  of  spring,  99.1 1 
Low  pressure. 


H.'P.~247.27 


I,  P.— 18.891  Scale  of  spring— 78  H.'P.- 

Bore  High  Press.  Cylinder — 13"  Boiler  Pressure — 165 

Bore  Low       "  "       — 22"  Rev.  per  Min. — 342 

Stroke  '*  "        — 24  Reverse  Lever — 2 

Grade— 33.79 


286.16 


/  Speed   Cards   from  Locomotive  No.  450,  on  Trial  Trip 
FROM  Philadelphia  to  Jersey  City,  April  26,  1894. 
Right  Side.  No.  14. 

High  pressure. 


^.  P. — 41.914 


Scale  of  Spring— 97.93 


H.  P.-66.26 


1 
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M.  E.  P.— 25.47 


Low  pressure. 


Scale  of  Spring — 81.47 


H.  P.— ii8ji 


Left  Side. 


High  pressure. 


No.  14. 


M.  E.  P.— 58.954 


M.  E.  P.— 24.93 


Scale  of  spring — 99.1 1 
Low  pressure. 


H.  P.-9P 


Boiler  Pressure — 170.5 

Bore  of  High  Pressure  Cylinder — 13" 

Bore  of  Low  Pressure  Cylinder — 22" 

Stroke — 24 

Rev.  per  Min. — 102 

Reverse  Lever — 3 

Grade — Level 


H.  P.-l  15.68 


F  Boiler  Test  of  C.  R.  R.  of  N.  J.  Locomotive  No.  450  (Compound). 


Miles. 


To  Philadelphia. 

At  Philadelphia. 

To  Jersey  City.. 

,Overnignt 


Apr.  251  Apr.  26 


183 


Hft     Ilia    S* 


16-28-00 


2-00-40 
3-18-20 
2-12-15 
16-27-25 


Apr.  27  Apr    28]  Apr.  30   May  i 


181 


3 


H.  M.  S.   H.  M.  S. 


2-07-50 

3-12-05 

2-18-25 

16-26-00 


1-56-40 
3-I9-16 

»-i6-i5 
16-25-33 


183 


2-02-55 
3-17-19 

»-i4-ao 
16-22-53 


183 


H.  M.  S. 
2-01-16 
3-16-05 
2-1^10 


Total. 


915 


H.  M.  S. 
10-0(^-21 
16-23-OS 

II-I9-3S 
82-09-51 


jOn  trip... 
/  Overnight. 


1391 


9230 
1675 


9763 
1955 


fTo  Philadelphia. 
nted  for  byj  At  Philadelphia. 
I  To  Jersey  City.. 

^Overnijfnt 


4276.45 


30652.72 

2026.5 

26345.28 


32241 . 12 
1393.26 
29765-1 


1647.58   3799-80 


of 


feed  (To  Philadelphia. 
jTo  Jersey  City.. 


6o« 

62«» 


61. 5« 
63.5^ 


9577 


4837s 
9297 


31219.04 

1203.27 

31981.65 


61** 
62" 


150407.2 

7825.8 

1^2100.00 

20418.35 

Av.  6o.9« 

Av.  62. 5« 


mstion  per  j  On  trip ■ 

ate  area...  (  Overnight |    33-53 


239.74! 
43.5071 


:>ustion  per  {  On  trip I      5 .  44  J 

it'g  surface  ^  Over  night 84'        .991 


er  pressure  jg°,J'^Pjhi: 


110 


166 

110 


2:^0.19 

jio.78_ 

S.76  I 

__i_._i5_i_ 

164.5  I 
no      I 


266.78 
56.05 


247.64 

55-01 


248.751 


6.056 
1.27 


5  62 
I  25 


5-65 


250.78 

47.775 

5-705 

l.IO 


165 
no 


164 
no 


165 
no 


I 


164.9 
no.o 


which  wo'd^ 


.1 


fed  if  temp.    On  trip ! 68212.6973174.9376704.3 

er  =212®  «  XOver  night. 


porated  at  I  Total  for  five  days. 
tr  pressure.  J 

which  woM  ] 

fed  if  temp.  I  On  trip 

er  =^212*  &  yOver  night 

porated  at    Total  for  five  days. 
icprcs8ure,| 

evaporated  per  hr.  of  total  ti 
if  temp,  of  teed  =  212°  &  wa 
at  atm^spheric^p£essure 

evaporated  per  hr.  of  total  time  / 
:  at  J.  C.  if  temp,  of  feed  =^  212*'  &  [- 
orated  at  atmospheric  pressure.  ) 

34TS  lbs  of  (During  run 

orated i  Overnight 


73767.51174285.51 


23612.47 
169161.32  74147.  "!77887. 41174926.04,75431. 31'  371603.19 


I     23736.86 


me  / 
atcr ' 


S\' 


am 


back  of  <  ]?'?>^y  ^'^y  *?  P^"^ 


rhila.  to  Jenkintown 
Jenkintown  to  J .  C . . 


253440 
3209001 
266900 I 


C  Jersey  City  to  Phila |  469290 

of  train. ..  i  Phila.  to  Jenkintown 


(  Jenkintown  to  J.  C 


^26750 
472750 


263440 
320900 

266900 

318840 
376300 
322300 

(24690 

582150 

';28i^o 

318840 
376300 
322300 

263440  1 
320900 
266900  1 

460290 

C267;o 
472750 

(24690 
582150 
(281(0 

469290 
526750 
472750 

9318.03 


28.^.84 

241.1 

8.37 

285600 
343060 

289060 

491450 
548910 
494910 


per  mile  per  pound  of  coal 

.02540 

1  .02407 

.025502 

.02748 

.02454   1          -02541 

Total. 
100. i6       iTiA.yy 

fTo  Philadelphia 

839-09 
301.4 

814.75 
245.26 

1045.43 
322.^ 

1042.69 

390.96 

532.51 
3.35-38 
740.6 
340.70 

917.28 

32.83 
502.70 
552.81 

1     by     air    At  Philadelphia 

231.70 
734-40 

1523-73 
3835-14 
1656.59 

"  To  Jersey  City 

^Overnignt 

126.86 

.  .    A      (To  Philadelnhia. . . . 

1Q7.6 

oe^  H 

126.7 
144.8 

)y  mjcctor.  42  j^rseTcfty  »:::. 

181                                    172.9 

from  aia'  (  On  trio 

7-49 

7.6 

7.58 

7.85 

7.88  Av.     7.68 

ic  Dressure<  Over  niflfht 

of  coal. . . .  f  Total  for  five  da  vs. . 

Av.    2.55 

1 

, 
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Data  of  Boiler  Tkst  of  C.  R.  R.  of 

N.  J.  Locomotive  No.  455  (Single). 

Ap.,:Apt.,o 

Apr.  Ill  Apr.  IJ 

Apr.n 

T«al- 

Dhtamce 

iSo 

i9o 

.So 

■ao 

iSg 

To  Philadelphia...  . 

ToJoneycFty 

Ovetoight 

»-o3-io 

.-.6-*5 

mi 

HI 

TotW 

P""""^ 

g:.',".-!;!,™:-.::::: 

uK» 

i»7a  1    11656  1    luM  1    luu 

« 

WBtor  accoutitedfor  by  meleis. , 

SESSSlffii:;;:;: 
StfSK,*:.;;:: 

3M53.6. 

»3i6.8  1  78«.5« 

TcnipCTalurr  ui  lecd  water 

ftSta'.-:::: 

'A    '  S;l  1  SI  (  S  lJ;;ii 

S:.™A";'.::::::: 

'?,:3'5:i,iK;iSin".fl£'83 

*Ji1,Sl.!i«"^«"i1'rJ'.'.'.-;.'!: 

0?ern1«ht'."!'..!!l:;i 

'Ml  ,a  a  'Si  asi^ 

B«<ler  pn's«iirit 

TafhlhuldpH.,... 

153  4 

146.9 

Zi 

lOS.l 

it? 

sS 

..773.2-6   ;3Ji7.i   7ao3'-i971«*-S   ZJ?**." 


Weiiiht  ot  lliiywiiii 
ha«e  been  tud  It  ten 

Blcain  vvapurateil  a 


,1 


Weight  ui  walCT  evaporated  Dct  liour  ol  lnUi  runiiiiiK  / 
litne  If  tumpemluri!  ui  IcciT water  is  an"  ami  sleaui  > 


"'■''MuutmB  iii([ht,. 

t  jLtsey  City  lo'Phila".'  i,iSo  i  s'.Wgo  fis***  :  !t56tt9o  !  ,      . 

.IVhila.  tojenkintown,  300850     iidoa  \  3163"  ,  3163(0  j  371750  1 

(Jeiifcinlown  lo^J.  C, ,  I  146*^0     rtajw  I  afajto  I  161350  '  3ir7to  I 

Uily  to  Phila     449040  1  jii^jo  [  464540  464540  I  Eiw40  ' 

...       .0  Jenliiiitoan    (oSjoo     524000     524030  1  514000     57W> 

(Jenkintown  til  J.  C.    454500  1  <7oooo  I  470000  I  470000  |  525400  I 


lunmi 

mmt 

m?i 

3 

«§U§§H 

55S«.&I 

"""""""" 

"'"*""""" 

-8«r5. 

Sff 

sfiis-sftsaaft 

"  "~"~ 

^o^?fr*&- 

SIRSS^SJ 

3:s.assf).-« 

sEss3Si55|S^a^5?H5€SSS§l1IS53^&H^-Cs 


Z.    !    ^SKSKS.S^55S^*SRS^Sfiii!=,K^aSi,ftSi,8;,?5iW.SS' 


ijr.-S.«^S,o.3ff3.2^S£"S-5.S, 


:"'«  ,  115'£'^*§t-sl^"ls^®-Sss'H5&^2-§s^?3B"§s-^?SS3H  ' 


L?,"!" ._  ._  _       .  

«x     ■  ■fi5a5?aa;^,s,s^*^5.s58Sj«'82ST5ssssSftS^35S^sft 
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THE  CHEMICAL  AND  PHYSICAL  EXAMINATION  OF  PAPE 

BY.  PROF.  THOMAS    B.  STILLMAN. 
(Continued  from  p.  176.) 

2.  Determinatioft  of  Free  Acids  in  tJu  Paper. 

Free  acids  in  the  paper  may  be  : 

1st.  Chlorides,  from  the  hypochlorites  used  in  the  bleach 
ing,  and  which  have  not  been  removed  by  the  "  anti-chlor." 

2d.   Sulphuric  Acid,  from  acid  alums  used  in  the  sizing. 

Free  acids  are  exceedingly  injurious  to  the  paper,  produc 
ing  gradual  deterioration  in  the  breaking  strength,  and  also  pro 
ducing  brittleness. 

The  amount  of  chlorides  can  be  determined  as  follows  : 

Take  0.5  gramme  of  the  paper,  cut  into  small  portions,  an 
digest  with  50  c.c.  of  boiling  distilled  water  for  two  minutes 
then   filter.     The  filtrate  is  acidified   with  a  few  drops  of  ni^ 
trie  acid,  and  the  amount  of  CI   determined  by  a  ^normal 
AgNOj  solution. 

The    free  sulphuric    acid  determination  requires    the  do— 
termination  of  the  combined  sulphuric  acid  in  the  alum,  since  i 

the  titration  with  soda  solution  the  combined  acid,  as  well  as  th^ 

free,  is  indicated.     The  combined  acid  is  determined  indirectl>^^  ^"^ 
and  then  subtracted  from  the  total  acid,  the  difference  being^  "^^  ^^ 
the  free  acid,  thus  :    If  the  alum  used  is  potash  alum,  the  per 
centage  of  potash  should  be  determined,  and  then  the  amoum 
of  sulphuric  acid  and  alumina  calculated  from  the  formula  o 
the  alum  (anhydrous)  K2Al2(S04)4. 

If  soda  or  ammonia  alum  be  used,  the  determination  o 
the  soda,  or  ammonia,  will  be  required,  as  in  the  potash  alum 
Where  no  clay  has  been  used  in  the  paper,  the  alumina  can  b 
determined*  instead  of  the  other  base,  and  the  sulphuric  aci 
necessary  to  form  the  alum  calculated  ;  this  latter  is  then  de 
ducted  from  the  total  acid.     Total  acid  is  thus  determined. 

*  Basic  sulphate  of  alumina  forms  an  exception.  Ferguson,  *•  Basic  Su 
phate  of  Alumma,"  Journal  Amer.  Chem.  Society,  XVI.,  p.  153. 
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Two  grammes  of  the  paper  are  cut  into  small  pieces  and  (li- 
sted with  200  cc.  of  boiling  distilled  water  for  three  minutes, 
tn  filtered  and  a  few  drops  of  solution  of  litmus  added.  A 
[ution  of  3^  normal  soda  is  gradually  added  from  a  burette, 
til  the  red  color  of  the  solution  turns  to  blue,  when  the 
lount  of  alkali  used  is  noted  and  calculated  to  sulphuric  acid. 

From  the  total  amount  of  sulphuric  acid  is  subtracted  the 
mbined  sulphuric  acid  already  determined  in  two  grammes 
paper.  This  latter  amount  is  found  by  determination  of 
her  of  the  bases,  alumina,  potash,  soda,  or  ammonia,  and  cal- 
lation  of  the  required  acid  necessary  to  form  the  alum  used 
the  paper. 

If  sulphate  of  alumina,  Al2(S04)3,  be  used  instead  of 
im,  then  the  free  acid  and  combined  acid  will  be  the  same  in 
lOunt,  since  sulphate  of  alumina  is  an  acid  salt,  and  titration 
th  the  soda  solution  will  give  the  amount  directly. 

3.   Determination  of  the  iiature  and  amount  of  sizing  used, 

A  paper  sized  with  rosin,  when  extracted  with  absolute 
rohol  gives  a  solution  which,  poured  into  excess  of  water, 
*lds  a  milky  turbidity  due  to  precipitated  rosin.*  Another 
»t  is  based  on  the  Raspail  reaction,  rosin  giving,  with  sugar 
lution  and  sulphuric  acid,  a  violet-red  color.  The  sugar  may 
omitted,  as  enough  is  formed  for  the  reaction  by  the  action 
the  sulphuric  acid  on  the  cellulose  of  the  paper. 

The  presence  of  animal  size  is  detected  by  treating  the 
[ueous  extract  of  the  paper  with  tannin.  The  following  fun- 
imental  distinction  between  papers  sized  with  rosin  and  gel- 
in  is  found  to  exist.  In  the  former  the  rosin  is  distributed 
liformly  throughout  the  substance  of  the  paper,  while  in  the 
tter,  whether  the  sizing  has  been  performed  in  the  pulp  or 
leet,  it  is  always  found  exclusively  on  the  surface  of  the  fin- 
led  product.  This  peculiar  property  of  gelatin  cai)  be  shown 
'  saturating  a  plaster-of- Paris  slab  with  gelatin  solution  col- 
£d  suitably,  and  breaking  it  when  dry,  on  which  it  will  be 
Jnd  to  be  colored  to  a  trifling  depth,  the  inner  part  being 
*te.  On  these  facts  the  following  test  is  based  :  A  half-sheet 
Paper  is  repeatedly  crumpled  and  unfolded,  and,  when  the 

*  W.  Hertzberg.  Mitt,  Konig,  Tech,  Versnchs,\\\,t'^.\oT,  Journal 
-  a  hem.  Industry^  IX.,  p.  99. 
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surface  has  been  thoroughly  chafed,  is  smoothed  out  and  writ- 
ten upon  :  if  it  is  sized  with  rosin,  the  inscribed  characters  are 
but  little  blurred  ;  while,  if  animal  size  has  been  used,  they  run 
freely,  and  are  visible  from  the  opposite  side  of  the  sheet.  Le- 
onhardi  has  modified  this  test,  removing  the  doubtful  element 
introduced  by  the  manual  use  of  pen  and  ink.  A  pipette,  of 
which  the  exit  is  10  cm.  above  the  paper,  and  which  delivers 
drops  weighing  0.03  grm.  each,  is  filled  with  a  solution  of  ferric 
chloride  containing  1.53 1  per  cent,  of  iron.  A  single  drop  is 
allowed  to  fall  and  to  remain  on  the  paper  for  the  same  num- 
ber of  seconds  that  i  sq.m.  of  the  paper  weighs  in  grammes, 
when  it  is  removed  by  blotting  paper,  and  the  under  side  of  the 
paper  brought  in  contact  with  a  plug  of  wadding  wet  with  a 
weak  solution  of  tannin  :  the  production  of  a  black  color 
proves  the  iron  solution  to  have  penetrated,  and,  therefore, 
shows  the  sizing  to  be  of  animal  origin. 

Schuman's  method  for  the  determination  of  rosin  in  paper 
is  as  follows:  2  grammes  of  the  paper  are  cut  into  fine  pieces 
and  digested  below  boiling  fifteen  minutes  with  a  five  per  cent, 
solution  of  sodium  hydrate,  and  filtered. 

The  filtrate  is  made  acid  with  dilute  sulphuric  acid,  the 
rosin  separating  and  rising  to  the  surface  of  the  liquid.  This 
latter  is  filtered  upon  a  weighed  filter,  dried  at  100°  C.  to 
constant  weight,  and  its  weight  carefully  determined. 

Starch  was  used,  formerly,  as  a  sizing  for  paper,  but  in  re- 
cent years  it  has  been  largely  replaced  by  rosin  size.  It  can 
be  detected  as  follows: 

The  paper  is  cut  into  small  portions  and  is  digested  with 
boiling  water  for  fifteen  minutes,  then  filtered.  To  the  filtrate 
is  added  a  drop  of  a  dilute  solution  of  iodine.  A  blue  coloration 
is  indicative  of  the  presence  of  starch. 

The  quantitative  determination  is  dependent  upon  the  con- 
version of  starch  into  glucose  by  means  of  dilute  HgSO^,  and 
estimation  by  means  of  Fehling's  solution. 

10  to  15  grammes  of  the  paper  are  digested  with  250  cc.  of 
distilled  water,  to  which  has  been  added  2  percent,  of  sulphuric 
acid.  Two  or  three  hours'  heating  at  ioo°C.  is  suflRcient  to  con- 
vert the  starch  into  glucose,  the  exact  point  being  determined 
by  taking  a  drop  of  the  solution  and  adding  thereto  one  drop 
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of  the  dilute  iodine  ;  if  no  blue  color  is  shown,  the  conversion 
is  complete. 

The  solution  is  now  made  alkaline  with  soda,  diluted  with 
water  to  500cc.,and  two  samples  each  of  150  cc.  taken,  filtered, 
washed  well  and  treated  with  Fehling's  solution,*  as  usual  in 
the  determination  of  sugars.  Sadtler  states  as  follows  regard- 
ing this  test : 

"In  carrying  out  the  gravimetric  method  the  Fehling's 
solution  remains  in  excess  (indicated  by  the  blue  color  of  the 
solution  after  boiling),  while  the  cuprous  oxide  is  carefully 
filtered  off  and  further  treated." 

The  procedure  is  as  follows:  f 

Sixty  cubic  centimetres  of  the  mixed  Fehling's  solution 
and  thirty  cubic  centimetres  of  water  are  boiled  in  a  beaker, 
and  the  solution  containing  the  maltose  added  thereto  and  the 
mixture  again  boiled.  It  is  then  filtered  with  the  aid  of  a  filter- 
pump,  upon  a  Soxhlet  filter  (asbestos  layer  in  a  tared 
funnel  of  narrow  cylinder  shape),  quickly  washed  with  hot 
water,  and  then  with  alchol  and  ether,  and  dried.  The  asbes- 
tos filter,  with  the  cuprous  oxide,  are  now  heated  with  a  small 
flame,  while  a  current  of  hydrogen  is  passed  into  the  funnel, 
so  that  the  precipitate  is  reduced  to  metallic  copper.  It  is 
allowed  to  cool  in  the  current  of  hydrogen,  placed  for  a  few 
minutes  over  sulphuric  acid  and  then  weighed. 

Determination  of  the  Ash, 

Three  grammes  of  the  paper  are  transferred  to  a  weighed 
platinum  crucible  and  ignited  until  all  carbonaceous  matter  is 
consumed.  The  amount  of  ash  is  indicative  of  the  use,  or  not, 
of  mineral  filling,  such  as  Carolina  koalin,  to  increase  the  weight 
of  the  paper.  After  the  correct  determination  of  the  amount 
of  the  ash,  it  should  be  transferred  to  a  3"  porcelain  capsule, 
and  the  following  scheme  used  for  its  analysis: 


*  Tollens'  formula  for  Fehling's  solution  is  as  follows: — 34.639  grms. 
crystallized  copper  sulphate  are  dissolved  in  500  cc.  H2O.  173  grms. 
Rochelle  salts  and  60  grammes  sodium  hydrate  are  dissolved  together  in 
500CC.  of  H2O.  Equal  volumes  of  these  solutions  are  mixed  when  required 
for  use.  10  cc.  of  this  Fehling's  solution  correspond  to  0.0807  grm.  maltose 
—or  0.0765  grm.  starch. 

t  Industrial  Organic  Chemistry,  Sadtler,  p.  152. 
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It  is  always  advisable  to  test  some  of  the  ash,  before  its 
lalysis,  by  fusing  a  portion  on  charcoal  with  sodium  carbon- 
e.  By  this  means,  lead  or  chromium  can  be  detected,  and 
en  properly  separated  in  the  analysis  of  another  portion  of 
e  ash.  If  clay,  in  appreciable  quantities,  is  found,  it  will  be 
icessary  to  add  ten  per  cent,  of  its  weight  as  water,  since 
ost  clays  contain  from  eight  to  twelve  per  cent,  of  water, 
lich,  in  the  above  instance,  would  have  been  driven  off  dur- 
g  the  ignition  of  the  paper  to  determine  the  per  cent,  of  ash. 

much  iron  be  found,  Prussian  blue,  Indian  red,  Venetian  red, 

ochre  may  have  been  used.     If  the  color  of  the  ash  is  blue, 
tramarine  is  present;  if  white,  silica,  or  a  fine  quality  of  clay, 

calcium  sulphate,  or  agalite*  may  be  present;  the  chemical 
lalysis  readily  showing  the  one  used  as  a  filler. 

If  the  ash  found  is  very  small  in  amount,  it  will  be  neces- 
ry  to  subtract  the  amount  of  ash  corresponding  to  the  variety 

fibre  or  pulp  with  which  the  paper  is  made,  to  exactly  de- 
rmine  the  amount  of  ash  belonging  to  the  added  materials. 

Ash  in  Commercial  Pulps. 

Per  cent.  Per  cent. 


Sulphite, 

0.48 

Ground  wood  (fir),        0.70 

Sulphite,  bleached, 

0.42 

Ground  wood  (aspen),  0.44 

Soda, 

1.34 

Ground  wood  (lime),   0.40 

Soda,  bleached. 

1.40 

Linen                                0.76 

Straw, 

2.30 

Linen,  bleached,            0.94 

Straw,  bleached, 

1.34 

Cotton,                             0.41 

Ground  wood  (pine) 

,0.43 

Cotton,  bleached,          0.76 

Ash  in 

Fibers. 

Per  cent, 

Per  cent. 

Cotton, 

0.12 

Fine  Flemish  flax,        0.70 

Italian  hemp. 

0.82 

China  grass,                    2.87 

Rhea, 

5.63 

Jute,                                 1.32 

Best  Manilla  hemp, 

1.02 

Esparto,                 3.50-5.04 

Sulphite  fiber. 

0.46 

Soda  fiber,              1.00-2.50 

[to 

BE   CONTINUED.] 

*  A  variety  of  talc — silicate  of  magnesia — in  a    finely  powdered  con 
■>od;  it  has  a  very  extensive  use  as  paper  filler. 


RAILROADS  AND  CANALS. 

CORRESPONDENCE   OF  JOHN   STEVENS   DURING    l8ll-l8l2. 

In  1852  there  was  published  a  pamphlet  containing 
correspondence  of  Mr.  John  Stevens  on  the  above  subject,  t*'  to- 
gether with  some  related  documents.  This  pamphlet  has,  ^  ,,  of 
course,  long  since  become  rare  and  practically  unattainab^=:H)Ie 
after  the  manner  of  pamphlets  generally. 

The  views   expressed  by  Mr.  Stevens  in  this  correspc^^  ^on- 
dence,  to  use  the  words  of  one  of  the  most  prominent  mech^  man- 
ical  engineers  of  the  present  time,  **  then  so  far  in  advance         -  of 
contemporaneous  public  opinion,  have  been  so  conclusively         es- 
tablished by  the  experience  of  the  world,  that  it  becomes— g>  a 
duty  we  all  owe  to  his  memory  to  make  this  fact  known  as      ex- 
tensively as  possible." 

The  matter  having  been  brought  to  the  attention  of     *^hc' 
editors  of  the  Indicator,  by  a  letter  from  which  the  above  (^  no- 
tation is  made,  they  have  concluded  to  place  the  entire  c^on- 
tents  of  the  pamphlet  mentioned   (of  which  a  copy  has  b<^^n, 
with   much  difficulty,  secured)   in  more  permanent  form,    t>y 
printing  it  entire  in  the  pages  of  the  Indicator. 

DOCUMENTS 

Tending  to 

PROVE   THE   SUPERIOR  ADVANTAGES 

OF 

Railways  and  Steam  Carriages 

OVER 

CANAL  NAVIGATION. 


Printed  by  T.  &  J.  Swords, 
No.  160  Pearl  Street,  New  York. 

1812. 

Reprinted  by  Stanford  &  Swords,  137  Broadway, 

1852. 

Preface. 

The  pamphlet,  here  reproduced  forty  years  after  its  fii^^*'' 
appearance,  will  now,  in  the  light  of  its  fulfilled  and  realize 
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eculations,  be  read  with  a  degree  of  interest  and  admiration 
ich,  at  the  period  of  its  publication,  it  failed  to  attract. 

Having,  while  recently  preparing  a  paper  on  the  growth  of 
s  city  of  New  York  during  the  last  half  century,  been  led 
:o  some  investigations  as  to  the  pioneers  in  the  construction 
steamboats  and  railroads,  and  remembering  something  of  a 
mphlet  about  railroads,  published  many  years  before,  by  Col. 
evens,  of  Hoboken,  I  long  sought  for  a  copy  of  it,  and,  at 
t,  one  was  found  among  the  bound  pamphlets  of  the  New 
rk  Historical  Society  Library. 

Upon  being  informed  of  its  existence,  the  sons  of  the  in- 
nious  author  obtained  permission  to  have  it  copied,  deter- 
ining  to  reprint  it  in  honor  of  their  distinguished  father,  and 
ey  placed  the  MS.  in  my  hands  for  that  purpose. 

It  seemed  altogether  fitting  that  the  direct  successors  of 

e  publishers,  who  had  given  the  original  to  the  world,  should 

invited  to  print  this  edition  ;  and  accordingly  it  bears  the 

press  of  Stanford  &  Swords,  137  Broadway,  1852,  as  its  orig- 

al  bore  that  of  T.  &  J.  Swords,  160  Pearl  St.,  1812  :  thus  mark- 

g  at  oncej)erpetuity  and  change. 

Of  the  author  of  this  pamphlet.  Col.  John  Stevens,  of  Ho- 

ken,  a  fitting  memorial  is  yet  to  be  written,  for  he  was  em- 

^atically,  a  benefactor  of  his  country  and  his  race.      Born  to 

uence,  his  whole  life  was  devoted  to  experiments,  at  his  own 

St,  for  the  common  good. 

Mr.  Stevens  was  a  native  of  this  city,  where  he  was  born  in 

e  year  1749.   His  grandfather,  John  Stevens,  a  native  of  Eng- 

nd,  came  to  the  colony  of  New  York  early  in  the  last  cen- 

^^ry,  as  one  of  the  law  officers  of  the  crown.     His  father,  John 

tevens,  became  a  resident  of  New  Jersey,  and  married  Eliza- 

th  Alexander,  descended  from  one  of  the  original  proprietors 

f  New  Jersey,  and  was  himself  much  in  public  stations  there, 

nd  for  a  time  Vice-President  of  the  Council. 

John  Stevens,  of  whom  we  are  treating,  though  born  in  this 
ity,  was  a  Jersey  man  by  residence, and  eventually  by  his  mar- 
jage  with  Rachel  Cox,  daughter  of  John  Cox,  of  Bloomsbury, 
^^.  J.,  who  also  for  many  years  was  Vice-President  of  the  Coun- 
il  of  that  State.      Mr.  Stevens  was  himself  for  several  years 
measurer  of  the  State. 


290  Railroads  and  Canals, 

Mr.  Stevens'  attention  was  first  turned,  or  rather  theberit^ 
his  genius  was  developed  and  directed  towards  mechanics 
mechanical  philosophy,  by  the  accident  of  seeing,  in  1787, 
early,  and  as  now  maybe  said  imperfect,  steamboat  of  John  Fit 
navigating  the  Delaware  river.     He  was  driving  in  his  phaet 
on  the  banks  of  the  river,  when  the  mysterious  craft,  with 
sails  or  oars,  passed  by;  Mr.  Stevens*  interest  was  excited; 
followed  the  boat  to  its  landing,  familiarized  himself  with    t 
design  and  the  details  of  this  new  and  curious  combination,  a^: 
from  that  hour  became  a  thoroughly  excited  and  unwearied 
perimenter  in  the  applications  of  steam  to  locomotion  on    t 
water,  and  subsequently  on  the  land. 

Having  been  brought,  by  close  family  connection,  into  i 
timacy  with  Robert  R.  Livingston,  (the  Chancellor  of  this  St 
who  married  the  sister  of  Colonel  Stevens),  he  induced 
Livingston  to  join  him  in  these  investigations,  and  they  w 
persevered  in  at  great  cost  and  with  little  immediate   suco 
till  Chancellor  Livingston,  in  1801-2,  was  sent  as  minister 
France. 

So  much,  however,  was  the  Chancellor  encoui;^ed  by 
experiments  then  made,  that  as  early  as  1798,  he  obtained  fr 
the  Legislature  of  Nev;  York,  an  exclusive  grant  for  the  us^ 
steam  on  the  waters  of  New  York.     This,  however,  became  f 
feit  by  the  failure  to  avail  within  the  limited  time  of  its  pri 
leges. 

But  previously  to  the  act  of  '98,  the  Legislature  of    M 
York  had,  as  early  as  1787,  granted  successively  to  James  Rui 
sey  and   to   John  Fitch    the  exclusive   right   to   navigate    t 
waters  of  the  State  with  steam-propelled  vessels;  and  on  the 
of  January,  1789,  John  Stevens  petitioned  the  Legislature  io 
like  grant — nothing  having  resulted  from  the  preceding  ot^ 
Mr.  Stevens  in  his  petition  says  that,  '*  to  the  best  of  his  kno 
edge  and  belief,  his  scheme  is  altogether  new,  and  does  not 
terfere  with  the  inventions  of  either  of  the  other  gentle 
who  have   applied  to   your   honorable   body  for  an   exclu 
right  of  navigating  by  means  of  steam."     The  petitioner  a^ 
that  he  had  **  made  an  exact  draught  of  the  different  parts 
his  machine,  which,  with  an  explanation  thereof,  he  is  read 
exhibit."     The   prayer   of   the  petition  was   unsuccessful; 
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these  draughts  should  be  among  the  papers  of  the  late  Colonel 
Stevens,  and  at  this  day  would  be  curious. 

Mr.  Stevens,  meanwhile,  never  renounced  his  experiments 
nor  despaired  of  success,  and  in  1804  he  actually  constructed  a 
propeller  (a  small  open  boat,  worked  by  steam),  with  such 
decided  success  that  he  was  encouraged  to  go  on  and  build  the 
Phenix,  steamboat,  on  his  own  plan  and  model,  and  had  her 
ready  almost  contemporaneously  with,  but  a  little  after,  the 
first  steamboat  of  Fulton,  the  Clermont.  The  Clermoftt  en- 
titled Mr.  Fulton  and  Chancellor  Livingston,  who  was  co-oper- 
ating with  Fulton,  to  the  benefit  of  the  law,  which  had  been 
revived  by  the  State  of  New  York,  granting  a  monopoly  of  the 
waters  of  the  State,  and  thus  Mr.  Stevens'  steamboat  was  ex- 
cluded from  those  waters.  On  the  Delaware,  however,  and  on 
the  Connecticut  he  placed  boats;  and  his  eminent  son,  Robert 
L.  Stevens,  having  embraced  his  father's  views,  was  now  at  work 
with  him  to  improve  the  known,  and  invent  new  resources  for 
accelerated  steam  conveyance. 

In  1812,  just  before  the  commencement  of  the  war  with 
England,  and  when  this  State  was  first  addressing  itself  to  the 
thought  of  connecting  the  waters  of  the  lakes  with  those  of  the 
ocean  by  the  Hudson,  a  thought,  very  .apidly  matured,  in  the 
sequel,  by  the  delays  and  now  incredible  cost  in  transporting 
troops,  artillery  and  munitions  during  the  war  from  the  sea- 
board to  the  lakes.  Colonel  Stevens  put  forth  the  pamphlet 
liere  reproduced,  urging  that  railroads  and  steam-carriages 
should  be  preferred  to  canals  and  canal  boats. 

At  that  day  not  a  locomotive  existed  in  the  world,  and  the 
only  railroads  were  those  few  and  short  tram-roads,  as  they 
'were  called  in  England,  connecting  for  the  most  part  coal 
mines  with  canals,  or  other  water  transportation,  and  upon  which 
<:arriages  with  the  ordinary  wheels  turning  upon  their  axle- 
trees  were  drawn  by  horses.  The  carriages  were  prevented 
from  running  off  sideways  by  a  flange  rising  some  inches  above 
the  outer  edge  of  the  flat  rail.  In  this  state  of  knowledge  and 
experience  of  railroads  it  was  that,  in  18 12,  Colonel  Stevens  made 
public,  in  the  following  pamphlet,  his  extraordinary  and  most 
Sc^acious  views  and  accurate  calculations  respecting,  not  only 
the  feasibility  of   applying  steam  to  locomotion  on  land,  but 
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the  precise  mode  of  such  application,  its  cost,  and  its  almost 
illimitable  advantages.  It  seems  all  but  impossible  to  realize 
the  fact,  when  carefully  reading  his  description  of  the  railway, 
of  the  locomotive — of  its  wheels  made  fast  to  the  axle,  and  re- 
volving not  on  but  with  it,  and  held  by  flanges  on  the  inner 
periphery,  from  flying  off  at  a  tangent;  of  a  whole  train,  or 
"suit,"  as  he  calls  it,  of  railway  carriages,  "all  firmly  attached 
to  each  other,  and  pursuing  the  same  direction;"  and  of  the 
possible  speed  they  might  attain  of  forty  or  fifty  miles  an  hour,  ^ 
but  that  probably  **  it  would  in  practice  be  found  convenient  :^ 
not  to  exceed  twenty  or  thirty  miles  an  hour;"  it  seems,  I  re-  — 
peat,  almost  impossible  to  realize  the  fact  th^t,  at  that  day  no 
locomotive  existed  except  in  the  creative  and  ingenious  mind 
of  the  writer;  and  that  no  railroad,  such  as  he  needed  for  hi 
unrevealed  plan,  had  ever  been  laid  down. 

If  he  had  seen  then,  what  he  lived  to  see  afterwards,  an 
from  the  handiwork  and  genius  mainly  of  his  son  Robert  on  th 
Camden  and  Amboy  Railroad,  the  spectacle,  ever  impressive, 
however  frequently  witnessed,  of  long  trains  of  cars  sweepin 
on  with  the  rapidity  of  the  pigeon's  flight,  he  could  not  hav 
described  with  more  absolute  accuracy  all  the  details  of  such 
train,  such  a  road,  and  such  a  locomotive,  than  is  done  in  th 
prophetic  pamphlet  of  1812. 

He  was  treated  as  a  **  visionary  projector."     Time  has  vin- 
dicated his  claim  to  the  character  of  a  far-seeing,  accurate  an 
skilful  practical  experimentalist  and  inventor  ;  and  who  carx 
estimate,  if  at  that  day,  acting  upon  the  well-considered  sug 
gestion  of  President  Madison,  "of  the  signal  advantages  to  be 
derived  to  the  United  States  from  a  general  system  of  interna 
communication  and   conveyance,"    Congress   had   entertaineo 
Colonel  Stevens'  proposals,  and  after  verifying,  by  actual  ex- 
periment upon   a   small  scale,  the  accuracy  of  his  plan,  hacfc^ 
organized  such  a  "  general  system  of  internal   communicatioir^ 
and  conveyance  ;"  who  can  begin  to  estimate  the  inapprecia-^ 
ble  benefits  that  would  have  resulted  therefrom  to  the  comfort, 
the  wealth,  the  power,  and  above  all,  to  the  absolutely  impreg— 
nable  union  of  our  great  republic  and  all   its  component  parts?!' 

All  this,  too.  Colonel  Stevens  embraced  in  his  views ;  fon^ 
he  was  a  statesman  as  well  as  an  experimental  philosopher,  an 
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whosoever  shall  attentively  read  this  pamphlet  will  perceive 
that  the  political,  financial,  commercial  and  military  aspects  of 
this  great  question  were  all  present  to  Colonel  Stevens*  mind  ; 
and  he  felt  that  he  was  fulfilling  a  patriotic  duty  when  he 
placed  at  the  disposal  of  his  native  country  these  fruits  of  his 
genius. 

The  offering  was  not  accepted.  The  thinker  was  ahead 
of  his  age ;  but  it  is  grateful  to  know  that  he  lived  to  see  his 
projects  carried  out,  though  not  by  the  Government,  and  that, 
before  he  finally  in  1838  closed  his  eyes  in  death,  at  the  great 
age  of  89,  he  could  justly  feel  assured  that  the  name  of 
Stevens,  in  his  own  person  and  that  of  his  sons,  was  imperisha- 
bly  enrolled  among  those  which  a  grateful  country  will  cherish. 
I  will  detain  the  reader  no  longer  from  the  pamphlet. 

Charles  King. 
Columbia  College,  New  York,  May,  1852. 

• 

Introduction. 

The  following  documents  on  a  subject  calculated,  I  should 
suppose,  to  attract  public  attention,  are  committed  to  the  press 
from  an  estimation  of  their  importance,  and  from  a  conviction 
of  the  practicability  of  the  proposed  improvement.  On  a  sub- 
ject of  such  deep  interest  to  the  community  at  large,  I  presume 
no  apology  will  be  necessary  for  the  liberty  I  now  take  of 
laying  before  the  public  private  communications. 

Had  the  subject  matter  of  this  publication  been  exhibited 
to  public  view  in  the  shape  of  an  entire  and  connected  essay, 
written  expressly  for  the  purpose,  numerous  repetitions  and 
maccuracies,  both  in  style  and  matter,  would  not  have 
occurred.  But,  I  am  inclined  to  believe,  that  the  desultory 
manner  in  which  it  is  now  handled,  and  the  unavoidable  repeti- 
tions necessarily  resulting  therefrom,  will  render  it  more  gen- 
erally impressive. 

Although  my  proposal  has  failed  to  gain  the  approbation 
of  the  Commissioners  for  the  Improvement  of  Inland  Naviga- 
tion in  the  State  of  New  York,  yet  I  feel  by  no  means  dis- 
couraged respecting  the  final  success  of  the  project.  The  very 
objections  their  committee  have  brought  forward  serve  only  to 
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increase,  if  possible,  my  confidence  in  the  superiority  of  the 
proposed  railways  to  canals. 

So  many  and  so  important  are  the  advantages  which  these 
States  would  derive  from  the  general  adoption  of  the  proposed 
railways  that  they  ought,  in  my  humble  opinion,  to  become  an 
object  of  primary  attention  to  the  National  Government.  The 
insignificant  sum  of  two  or  three  thousand  dollars  would  be 
adequate  to  give  the  project  a  fair  trial.  On  the  success  of 
this  experiment  a  plan  should  be  digested, ''  a  general  system 
of  internal  communication  and  conveyance"  adopted,  and  the  '^>' 

necessary  surveys  made  for  the  extension  of  these  ways  in  all  ^  ^ 

directions,  so  as  to  embrace  and  unite  every  section  of  this  ex- 
tensive empire.  It  might  then,  indeed,  be  truly  said,  that  these 
States  would  constitute  one  family,  intimately  connected,  and 
held  together  in  indissoluble  bonds  of  union. 

Should  the  National  Government  be  induced  to  make  an 
appropriation  to  the  amount  above  stated,  an  experiment  could 
soon  be  made,  either  in  the  vicinity  of  this  city  or  at  Washing-       — -3^^  1 
ton,  as  may  be  deemed  most  expedient. 

But  the  attention  of  the  general  government  is  urged  more 
imperatively  to  this  object,  from  the  consideration  of  its  great 
national  importance  in  a  fiscal  point  of  view.     If  any  reliance 
can  be  placed  on  the  calculations  I   have  made,  the  revenue 
which  this  mode  of  transportation,  when  brought  into  generate* 
use,   would   be   capable   of  producing,   would  far  exceed  th 
aggregate  amount  of  duties  on  foreign  importations.    However 
extravagant  this  position  may  at  first  sight  appear,  I  content 
it  is  capable  of  the  strictest  demonstration.  It  is  an  indisputabl 
fact  that  the  aggregate  amount  of  internal  commerce  is  vastl#" 
greater  than  that  of  external  commerce. 

But  one-half  of  the  latter,  viz.,  exports,  are  by  the   cons 
tution  exempted  from  the  payment  of  duties;  the  other  h 
foreign  imports  only,  are  subject  to  the  payment  of  duties. 

The  far  greater  part  of  domestic  commerce   consists 
bulky  articles,  many  of  which //^Tt'  pay  50  per  cent,  on  tr^»- 
poriation  to  market.     By  the   introduction   of   the   propo 
railways,  nine-tenths  at  least  of  this  enormous  tax  woul 
many  instances   be  saved,  and  the  expense  of  transporta^ 
reduced  from   50  to  5   per  cent.     A  toll  of  5  per  cent,  w 
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:  it  to  10  per  cent.     But  still  the  farmer,  remotely  situated, 

Id  save  four-fifths  of  his  present  expense  in  the  transpor- 

on  of  his  produce  to  market.     An  average  toll,  then,  of  5 

cent,  would  constitute  a  very  moderate  impost.     But  the 

ciuct  of  such  an  impost  would,  at  no  distant  period,  be  im- 

nse.     That   it  would  far  exceed  any  amount  which   could 

»sibly  be  derived  from  duties  on  foreign  imports,  cannot 

Irnit  of  a  doubt. 

a  period  like  the  present,  when  the  ordinary  sources  of 
'enue  no  longer  continue  to  pour  into  the  treasury  of  the 
i  ted  States  their  tributary  streams,  and  when,  too,  we  are 
1  led  upon  to  make  ''arrangements  and  exertions  for  the  general 
c  urity,"  at  such  a  period,  the  merits  of  a  system  promising, 
merely  to  facilitate  most  astonishingly  *'  internal  commu- 
crsition  and  conveyance,''  but  to  furnish  new  and  abundant 
^Jrces  of  revenue,  ought  surely  to  command  the  attention  of 
^^^^  general  government,  and  cannot  fail  to  "  be  seen  in  the 
^"^>*ongest  lights." 

The  extension  and  completion  of  the  main  arteries  of  such 

^'   s>^stem  of  communication  would  by  no  means  be  a  work  of 

*"*«'^^^.     It  would  be  exempted  totally  from  the  difficulties,  em- 

>~rassments,   casualties,    interruptions,    and  delays  incident 

^he  formation  of  canals.      Requiring  no  supply  of  water,  no 

ision  and  accuracy  in  leveling,  the  work  could  be  com- 

^*^^x^ced  and  carried  on  in  various  detached  parts;  its  progress 

VI Id  be  rapid,  and  its  completion  could  be  ascertained  with 

ainty.      Innumerable   ramifications   would,   from   time   to 

^'^c,  be  extended  in  every  direction.     Thus  would  the  sources 

*    I^rivate  and  public  wealth,  going  hand  in  hand,  increase  with 

*"^pidity  beyond  all  parallel.     For  every  shilling  contributed 

.^^'^^ards  the  revenue,  a  dollar  at  least  would  be  put  into  the 

^'^ds  of  individuals. 

But   there   remains   another  important  point   of  view,  in 

*^ich  this  improvement  demands  the  attention  of  the  general 

^^'^ernment.     The  celerity  of  communication  it  would  afford 

*^ll  the  distant  sections  of  our  wide   extended  empire,  is  a 

^^'^sideration  of  the  utmost  moment.     To  the  rapidity   of  the 

ion  of  a  steam  carriage  on  these  railways  no  definite  limit 

be  set.    The  flying  proas,  as  they  are  called  by  voyagers. 
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belonging  to  the  natives  of  the  islands  in  the  Pacific  ocean,  are 
said  at  times  to  sail  more  than  twenty  miles  an  hour.  Since 
the  resistance  of  the  water  to  the  progress  of  a  vessel  increases 
as  the  square  of  her  velocity,  it  is  obvious  that  the  power  re- 
quired to  propel  her,  must  also  be  increased  in  the  same  ratio. 
Not  so  with  a  steam  carriage.  As  it  moves  in  a  fluid  800  times 
more  rare  than  water,  the  resistance  will  be  proportionably 
disminished.  Indeed,  the  pri/icipal  resistance  to  its  motion 
arises  from  friction,  which  does  not  even  increase  in  a  direct 
ratio  with  the  velocity  of  the  carriage.  If,  then,  a  proa  can  be 
driven  by  the  wind  (the  propulsive  power  of  which  is  constantly 
diminishing,  as  the  velocity  of  the  proa  increases)  through  so 
dense  a  fluid  as  water,  at  the  rate  of  twenty  miles  an  hour,  I  can 
see  nothing  to  hinder  a  steam  carriage  from  moving  on  these 
ways  with  a  velocity  of  100  miles  an  hour.* 

I  will  now  just  observe,  that  should  it   be  considered   an 
object  of  sufficient  importance,  sails  might  be  used   whenever   -x^  -r 
the  wind  was  favorable.     Van  Bram  gives  a  curious  account  of  3^  ^f 

the   peasantry  in  the   country  round    Pekin,    availing    them ,m- 

selves   of  sails,   when  the  wind  favors  them  for  propelling  th 
whellbarrows  in  which  their  products  are  carried  to  markets. 

In  a  military  point  of  view,  the  advantages  resulting  fro 
the   establishment   of     these     railways   and     steam    carriager    ^=s 

would  be  incalculable.      It  would  at  once  render  our  frontier ^s 

on  every  side  invulnerable.  Armies  could  be  conveyed  i  n 
twenty-four  hours  a  greater  distance  than  it  would  now  tak-^e 
them  weeks,  or  perhaps  months,  to  march. 

Thus,  then,  this  improvement  would  afford  us  prompt  an».  d 
effectual  means,  not  only  of  guarding  against  the  attacks  ^oA 
foreign  enemies,  but  of  expeditiously  quelling  internal  cor"«n- 
motions,  and  thus  securing  and  preserving  forever  domest-  ic 
tranquillity. 

Whatever  constitutional  doubts  may  be  entertained  x^e 
specting  the  power  of  Congress  to  cut  and  form  canals,  th^s^r 
can  be  none  about  the  power  to  lay  out  and  make  roads. 

*  This  astonishing  velocity  is  considered  here  as  merely  possible;  i  '^ 
probable  that  it  may  not  in  practice  be  convenient  to  exceea  20  or  30  nm  ■ 
per  hour.    Actual  experiments,  however,  can  alone  determine  this  ma"^" 
and  I  should  not  be  surprised  at   seeing  steam   carriages   propelled  at 
rate  of  40  or  ^o  miles  an  hour. 
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I  shall  now  close  this  topic  with  an  extract  of  a  message 
from  President  Madison  to  the  Senate  and  House  of  Represen- 
tatives of  the  United  States: 

"The  utility  of  canal  navigation  is  universally  admitted;  and 
it  is  not  less  certain,  that  scarcely  any  country  offers  more 
extensive  opportunities  for  that  branch  of  improvements  than 
the  United  States  ;  and  none,  perhaps,  inducements  equally 
persuasive,  to  make  the  most  of  them.  The  particular  under- 
taking contemplated  by  the  State  of  New  York,  which  marks 
an  honorable  spirit  of  enterprise,  and  comprises  objects  of  na- 
tional, as  well  as  more  limited  importance,  will  recall  the  at- 
tention of  Congress  to  the  signal  advantages  to  be  derived  to 
the  United  States  from  a  general  system  of  internal  communi- 
cation and  conveyance  ;  and  suggest  to  their  consideration 
whatever  steps  may  be  proper  on  their  part  towards  its  intro- 
duction and  accomplishment.  As  some  of  those  advantages 
have  an  intimate  connection  with  arrangements  and  exertions 
for  the  general  security,  it  is  at  a  period  calling  for  these,  that 
the  merits  of  such  a  system  will  be  seen  in  the  strongest  lights. 

**  James  Madison. 
"Washington,  Dec.  2,  181 1." 

From   local   circumstances,  these    railways  are  calculated 
to   become   pre-eminently   beneficial  to  the  Southern  States. 
The  great  predominance  of  sand,  and  the  deficiency  of  gravel 
or  stone,  precludes  the  practicability  of  making  good  turnpike 
roads  ;   but  the  level  surface,  and  great  abundance  of  pine  tim- 
ber throughout  this  district  of  country,  would  not  only  render 
the  construction  of  these  railways  very  cheap,  but  peculiarly 
advantageous.      By  preserving   nearly  a  horizontal  level,  the 
power  requisite  for  the  transportation  of  heavy  bodies  would 
be  reduced  astonishingly.  The  cheapness  of  fuel  would  reduce, 
too,  the  expense  of  supporting  this  power  to  almost  nothing. 
Articles  would   be  transported   one   hundred    miles  on  these 
^vays  at  less  expense  than  they  could  now  be  carried  one  mile 
on  a  deep,  sandy  road.     This  projected  improvement  is  surely 
then  an  object  worthy  of  the  most  serious  attention  of  the  in- 
habitants of  the  Southern  States.      It  would  at  once  more  than 
double  the  value  of  their  products.     It   appears  to  me  calcu- 
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culated  to  hold  out  the  most  flattering  prospects  of  gain  to 
such  enterprising  individuals  or  companies  as  might  be  induced 
to  embark  a  capital  in  this  object. 

But,  I  consider  it  in  every  point  of  view  so  exclusively  an 
object  of  national  concern,  that  I  shall  give  no  encouragement 
to  private  speculations,  until  it  is  ascertained  that  Congress 
will  not  be  disposed  to  pay  any  attention  to  it. 

Should  it,  however,  be  destined  to  remain  unnoticed  by  the 
general  government,  I  must  confess  I  should  feel  much  regret, 
not  so  much  from  personal,  as   from  public  considerations.     I 
am  anxious  and  ambitious  that  my  native  country  should  have 
the  honor  of  being  the  first  to  introduce  an  improvement  of 
such  immense  importance  to  society  at  large,  and  should  feel 
the  utmost  reluctance  at  being  compelled  to  resort  to  foreign- 
ers in  the  first  instance.     As  no  doubt  exists  in  my  mind,  but 
that  the  value  of  the  improvements  would  be  duly  appreciated 
and  carried   into    immediate   effect   by    transatlantic   govern 
ments,  I   have  been  the  more  urgent  in  pressing  the  subject  onr^ 
the  attention  of  Congress.      Whatever,  then,  may  be  its  fat 
should  this  appeal  be  considered  obtrusive  and  unimportant^ 
or  from  whatever  other  cause  or  motive  should  it  be  suffered 
remain  unheeded,  1  still   have  the   consolation  of  having  pe 
formed  what  I  conceive  to  be  a  public  duty. 

John  Stevens. 

New  York,  May  15,  1812. 

DOCUMENTS,  etc. 

No.  I. 

Copy  of  a  letter  addressed  to  De  Witt  Clinton,  Esq. 

New  York,  February  24,  18 12- 
The  Hon.  De  Witt  Clinton,  Esq.: 
Sir: 

I  inclose  a  memoir  addressed  to  the  Commissi  <^  'MT^^t^ 
for  Exploring  an  Inland  Navigation,  etc. 

The  more  I  reflect  on  the  plan  I  have  proposed,  the 
thorough  is  my  conviction,  not  merely  of  its  practicability 
that  it  must  eventually  supersede  every  other  mode  of  co 
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ance,  where  the  nature  of  the  country  will  admit  of  its  intro- 
duction. Under  such  impressions  I  consider  myself  impelled 
by  duty  to  urge  its  adoption  by  the  Commissioners.  An  experi- 
ment sufficiently  extensive,  to  ascertain  unquestionably  its  real 
merits  or  demerits,  could  be  tried  at  the  expense  of  two  or 
three  thousand  dollars. 

With  sentiments  of  respect,  I  am,  Sir,  your  ob't  serv't, 

John  Stevens. 

No.  2. 

Copy  of  Mr.  De  Witt  Clinton's  answer  to  the  above. 

Albany,  March  2,  1812. 
Dear  Sir : 

I  have  received  your  interesting  communication  addressed 
to  the  Commissioners  of  Inland  Navigation,  etc.,  and  shall  lay 
it:  before  the  Board  at  their  first  meeting. 

With  my  best  compliments,  I  am  yours  respectfully, 

De  Witt  Clinton. 
John  Stevens,  Esq. 

No.  3. 

Copy  of  a  memoir  addressed  to  the  Commissioners. 

tfie  Hon,  the  Co^nmissioners  for  Exploring  the  Route  of  an  Inland 

Navigation,  etc. 

The  report  of  the  Commissioners  appointed  by  the  Legis- 
lature of  this  State,  to  explore  the  route  of  an  inland  navigation 
^rom  Hudson  River  to  Lake  Ontario  and  Lake  Erie,  contains 
^  numinous  exposition  of  the  vast  importance  of  facilitating  the 
intercourse  between  the  western  country  and  the  tide-waters  of 
W kelson's  River. 

The  plan  suggested  of  bringing  the  waters  of  Lake  Eric  in 

^  ^3.nal,  on  an  inclined  plane  of  three  hundred  miles  in  length, 

^  Communicate  with    Hudson's   River,  is  unparalleled  for  the 

/^*ciness  of  its  conception,   and  the   grandeur   of   its   object. 

^^^   the  magnitude  of  such  an   undertaking  must  necessarily 

Protract  the  completion  of  it  to  a  very  distant  day,  and  will 

"^ve  a  powerful  tendency  to  make  many  hesitate  respecting 
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the  expediency  of  incurring  so  heavy  an  expenditure  upon  an 
object  presenting  so  distant  a  prospect  of  remuneration. 

Still,  however,  I  must  concur  most  heartily  with  the 
Commissioners,  when  they  observe  "that  no  supposable  expense 
can  bear  an  undue  proportion  to  the  value  of  the  work.  Thus 
were  it  (by  giving  a  loose  to  fancy)  extended  to  fifty  millions 
of  dollars,  even  that  enormous  sum  does  not  exceed  half  the 
value  of  what,  in  all  human  probability  and  at  no  distant 
period,  will  annually  be  carried  along  the  canal.  The  more 
proper  question  perhaps  is,  in  what  time  it  can  be  effected?" 

But,  independently  of  the  great  consumption  of  time  and 
money  ncident  to  so  vast  an  undertaking,  there  are  other 
circumstances  which  require  serious  consideration. 

The  contemplated  route  of  this  canal  lies  nearly  in  an  east 
course  from    Lake   Erie   to  Albany,   and  in  a  high  northern 
latitude,   where   everything    remains  locked  up   by   frost   for    -m^  ^r 
almost  five  months  during  the  winter  season.      Whereas,  the  t^^  e 
southern  border  of  Lake  Erie  is  in  a  latitude  one  and  a  half  ^  Mi 
degrees   lower,    from    whence   easy   communications    may  be^^«e 
formed  with  the  head   waters  of   the  Ohio  and   Susquehanna*.   ,^sa, 
and  but  little  interrupted  by  ice. 

These  routes,  it  must  be  confessed,  are  very  circuitous,  andEz^  ^d 
the  navigation  of  the  natural  rivers  in  their  present  state,  ver>^^— y 
troublesome  and  tedious.  From  the  nearest  point  on  Lak^  j^e 
Erie,  to  tide-water  on  the  Delaware,  at  Philadelphia,  on  th^  -^^e 
Chesapeake,  at  Havre  de  Grace,  or  Baltimore,  in  a  straigh  .«"~*t 
line,  is  but  a  few  miles  farther  than  to  Albany.      But  to  form  »  a 

practicable  navigation  to  either  of  those  places  by  means  otzi^^i 
canals,  would  make  a  difference  of  at  least  an  hundred  miles  ir  -i  in 
favor  of  Albany.  But  as  it  respects  the  nature  of  the  groun»  .^~^d 
through  which  these  canals  must  pass,  there  is  no  comparison 
so  great  and  so  numerous  are  the  elevations,  that  the  route  t 
Albany  is  comparatively  level.  When,  in  addition  to  the 
advantageous  circumstances,  we  take  into  consideration  t 
decided  superiority  of  the  City  of  New  York,  in  a  commerci^  -*^' 
point  of  view,  it  will  not  be  practicable  to  divert  into  anoth^^  ^^ 
channel  the  current  of  trade,  when  once  fairly  established,  froc  ^^ 
the  interior  to  this  city.  When,  therefore,  the  immense  magi^^^- 
tude  of  this  internal  commerce  is  duly  appreciated,  every  inc^-^- 
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vidu^l  inhabitant  of  this  State,  Jt>ut  more  especially  of  this  city, 
ought  to  feel  himself  interested  in  the  accomplishment  of  so 
grand  an  object. 

From  the  above  view  of  the  subject,  it  appears  that  there 
are  two  considerations  of  primary  importance  to  be  attended 
to: —  first,  that  this  communication  with  the  western  country 
be  completed  with  all  possible  dispatch;  and  next,  that  if 
practicable,  such  a  mode  of  effecting  the  purpose  be  adopted, 
as  that  the  travel  shall  at  no  time  be  interrupted. 

Without  further  preface,  I  will  now  proceed  to  propose  a 
plan,  which,  I  flatter  myself,  embraces  both  these  important 
objects.  Let  a  railway  of  timber  be  formed,  by  the  nearest 
practicable  route  between  Lake  Erie  and  Albany.  The  angle 
of  elevation  in  no  part  to  exceed  one  degree,  or  such  an  elevation, 
whatever  it  may  be,  as  will  admit  of  wheel-carriages  to  remain 
stationary  when  no  power  is  exerted  to  impel  them  forward. 
This  railway,  throughout  its  course,  to  be  supported  on  pillars 
raised  from  three  to  five  or  six  feet  from  the  surface  of  the 
l^round.  The  carriage  wheels  of  cast  iron,  the  rims  flat,  with 
projecting  flanges,  to  fit  on  the  surface  of  the  railways.  The 
moving  power  to  be  a  steam  engine,  nearly  similar  in  construc- 
tion to  that  on  board  \hc  Juliana,  a  ferry-boat  plying  between 
this  city  and  Hoboken.* 

It  would  be  altogether  unnecessary  to  go  into  a  detailed 
description  of  the  mode  of  adapting  and  applying  the  machin- 


*The  steam  ferry-boat  Juliana  here  referred  to  was  built  by  Col. 
Stevens,  in  181 1.  She  was  an  undecked,  open  boat,  62  feet  in  length,  and 
3nly  12  feet  in  breadth,  drawing  from  two  and  one-half  to  three  feet  water. 
The  engine  in  her  was  of  the  model  patented  by  Col.  Stevens,  having  a 
Cylinder  of  fourteen  inches  diameter,  and  two  and  a  half  feet  stroke;  with 
Copper  boilers,  cylindrical,  with  flues.  The  steam  was  used  expansively, 
Cut  off  in  the  main  valves,  as  is  now  done  in  the  most  approved  engines. 
The  Juliana  attained  a  speed  of  seven  miles  an  hour.  Mr.  Fulton,  having 
an  interest  in  the  Jersey  City  Ferry,  objected  to  the  right  of  Col.  Stevens  to 
nm  the  Juliana  as  a  ferry-boat  between  Hoboken  and   New  York  City,  as 

infringing  his  monopoly  from  the  State  of  New  York,  and  the  Juliana  was 

driven  off. 

She  afterwards  plied  on  the  Connecticut  River  between  Middletown 

and  Hartford,  being  the  first  boat  to  navigate  the  Sound,  although  undecked, 

as  Col.  Stevens*  boat /'^^Mix  was  the  first,  in  1808,  to  navigate  the  ocean, 

between  Sandy  Hook  and  the  Delaware. 
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ery  of  a  steam-engine  to  the  pjurpose  of  propelling  carriag€^^-2[es 
placed  on  railways.  It  is  sufficient  to  say,  that  I  feel  the  fuller  ^ssst 
confidence  in  being  able  to  convince  an  experienced  and  skilfi*- ^iful 
engineer  of  the  entire  practicability  of  the  plan. 

I  shall  now  attempt  to  explain  the  many  and  importai:^  ^flant 
advantages  resulting  from  carrying  this  plan  into  effect. 

In  the  first  place,  as  to  expense.  On  the  most  exaggerates^  -ed 
scale  of  calculation,  the  expense  of  such  a  railway  would  n^-  -^not 
exceed  that  of  an  ordinary  turnpike  road  with  a  good  coat  ^  of 
gravel  on  it. 

Second.  The  far  greater  part  of  the  work  can  be  perform^^  -^ed 
by  common  laborers,  and  as  no  accuracy  of  leveling  would  W  be 
required,  it  may  be  commenced  and  carried  on  in  as  many  dr  W~\\i' 
ferent  places  as  may  be  found  expedient.  It  might,  therefoiac  ^re, 
be  accomplished  with  ease  in  one  or  two  seasons. 

Third.  From  its  elevation  above  the  surface  of  thegroui 
the  timber  of  which  the  railway  is  framed  will  be  little  subj< 
to  decay;  and  from  this  elevation,  too,  the  travel  on  it  c 
never  be  interrupted,  as  it  will  be  raised  above  the  ordina-flss  ary 
level  of  the  deepest  snows. 

Fourth;  These  railways,  from  the  nature  of  their  construe'  —ruc- 
tion, will  be  free  from  the  numerous  casualties  to  which  cans  -^"~nals 
are  liable. 

Fifth.  The  expense  of  transportation  would  be  much  W  -B"less 
than  on  a  canal  of  the  best  construction. 

To   prove   this,  a  summary  calculation  will  be  necessj 

The  Commissioners  inform  us  (under  the  authority  of 
Latrobe)  that  "  by  the  aid  of  a  railway,  one  horse  would  tra 
port  eight  tons,  supposing  the  angle  of  ascent  not  to  exc< 
one  degree." 

In  Nicholson  s  Journal  is  an  account  of  one  horse  transpci^  ^^' 
ing  for  several  miles  on  a  railway  the  enormous  weight  of  fit  ^^7 
tons. 

A  small  steam-engine,  then,  of  ten  inches  diameter,  worl^^^^'^cf 
with  steam,  the  elastic  power  of  which  was  fifty  pounds  to         ^^^ 
circular  inch,  would   possess  a  power  equal   to  five  thous^s^ijrf 
pounds  on  the  whole  area  of  the  piston,  moving  with  a  velo^^^tP' 
of  three  feet  in  a  second.      This  exceeds  the  power  of  twe'^(K 
horses  ;   but  one  horse,  as  above  stated,  can  transport  on  a  rs//- 
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eight  tons,  and  twenty  horses  would,  at  the  same  rate, 
tir^i.:x-isport  160  tons. 

But  after  making  every  possible  reduction  for  exaggera- 
te c:>xn,  we  may  fairly  state,  in  round  numbers,  that  a  steam-en- 
t,  with  a  cylinder  of  ten  inches  diameter,  worked  on  the 
ve  principles,  would  be  capable  of  transporting  on  a  railway 
tons  at  the  rate  of  four  miles  per  hour.  It  must  be  recollected 
X  Mr.  Latrobe's  estimate,  above  stated,  is  founded  on  an  as- 
t  of  one  degree.      Now,  this  would  give  an  elevation  of 
sty-two  feet  and  upwards  for  every  mile.      The  whole  dif- 
nce  of  elevation  estimated  by  the  Commissioners,  between 

-  tide-water  at  Albany  and  the  surface  of  Lake  Erie,  is  525 

To  gain  this  ascent,  therefore,  would  require  somewhat  less 
L  n  six  miles.     This  bears  so  small  a  proportion  to  the  whole 
"fcince,  that  it  would  be  but  in  a  trifling  degree  erroneous  to 
sider  the  whole  distance  as  one  level.      This  would  much 
*e  than  compensate  for  an  increase  of  the  rate  of  velocity  in 
steam-carriage,  from  two  and  a  half  miles  to  four  miles  an 
r,  especially  when  we  advert  to  the  well-authenticated  ex- 
iment  above  stated,  viz.,  that  a  horse  is  capable  of  transport- 
more  than  fifty  tons  on  a  level  railway,  whereas  the  above 
bounded  on  an  estimate  of  only  five  tons  to  each  horse. 

We  will  now  proceed  to  estimate  the  expense  per  ton  of 
^^  mode  of  transportation. 

The  steam-engine  of  the  above-mentioned  size  would  re 
i  re  about  a  cord  of  wood  to  keep  it  constantly  going  for  the 
^e  twenty-four  hours  ;  but  to  silence  all  cavil,  we  will  state 

-  consumption  of  wood  at  three  cords  a  day.     Wood,  at  an 
-rage  throughout  the  entire  distance,  may  be  procured  for 

dollar  a  cord,  but  we  will  estimate  it  at  two  dollars  a  cord. 

To  attend  the  fire,  and  perform  any  other  services  that 

be  required,  we  will  allow  four  men,  at  one  dollar  each  per 

,  is  four  dollars  ;   which,  added  to  the  cost  of  three  cords  of 

^d,  would  make  ten  dollars  a  day.      The  whole  distance, 

-11,  of  280  miles,  from  Lake  Erie  to  Albany,  would  be  trav- 

^^d  in  three  days.   Say  the  back  load  would  average  only  one- 

**:*d  of  a  full  freight,  there  would  then  remain  five  days  at  ten 

lars  a  day,  amounting  to  fifty  dollars,  for  the  expense  of 
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transporting  one  hundred  tons  of  produce  a  distance  of  280 
miles,  which  is  at  the  rate  of  fifty  cents  per  ton.  But  the  Com- 
missioners have  estimated  the  expense  of  transportation 
through  the  contemplated  canal,  from  Lake  Erie  to  Hudson's 
River,  at  three  dollars  per  ton. 

In  the  above  calculation,  interest  on  the  capital  expended, 
wear  and  tear  and  repair  of  machinery,  carriages,  railways,  etc., 
and  no  doubt  many  other  incidental  charges,  are  not  included. 
But  were  we  even  to  double  the  rate  of  transportation,  raising 
it  from  fifty  cents  to  one  dollar  per  ton,  still  it  would  amount 
to  only  one-third  of  what  the  Commissioners  have  stated,  as 
above.  But  if  the  construction  of  railways  would  require  only 
about  one-fourth  of  the  capital  estimated  for  a  canal,  and  the 
transportation  thereon  could  be  afforded  at  one  dollar  per  ton, 
instead  of  three  dollars,  it  is  easy  to  see  what  an  immense  reve- 
nue the  Stafe  might  derive  from  toil,  and  still  permit  trans- 
portation to  be  performed  for  much  less  than  it  could  be  done 
by  a  canal.  , 

But  here  I  expect  to  be  encountered  at  the  very  threshold 
— to  be  stigmatized  as  a  visionary  projector.      Have  not,  it  will 
be  said,  steam-engines  and  railways  been  long  in  use  in  Eng- 
land ?    And  should  it  be  practicable  to  apply  them  to  such  im- 
mense advantage  in  the  improvement  of  transportation,  would 
it  not  have  been  done  in  that  country  long  ago  ?      To  this  ar- 
gumefitum  ad  hominem,   thanks  to  the   enterprise   and  active 
genius  of  our  citizens,  we  are  now  furnished  with  ready  and 
conclusive  answers.   Mr.  Latrobe,  in  a  memoir  published  in  the 
third  volume  of  the  "  Transactions  of  the  American  Philosoph- 
ical Society,"  animadverting  on  the  projects  **  for  propelling 
boats  by  steam-engines,"  uses  these  remarkable  expressions : 
"  A  sort  of  mania  began  to  prevail,  which  indeed  has  not  yet 
entirely  subsided."      It  is  surely  unnecessary  to  say  that,  in 
despite  of  the  formidable  objections  (no  less  than  six)  he  has 
urged,  '*  from  which,"  as  he  tells  us,  **  no  particular  mode  of 
application  can  be  free,"  in  despite  of  these  anathemas,  the 
project,  as  we  all  with  pleasure  can  testify,  has  completely  suc- 
ceeded. Another  gentleman,  in  the  Afncrican  Medical  a ud Philo- 
sophical Register  iov  Ai^vW,  181 1,  has  given  a  demonstration  to 
prove  that  a  small  obstacle  would  be  sufficient  to  stop  a  car- 
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riage  impelled  by  a  steam-engine.  That  on  roads  perfectly 
hard  and  smooth,  it  could  not  ascend  an  inclined  plane  of  seven 
or  eight  degrees  ;  and  concludes  by  saying  that  "  in  whatever 
point  of  view  we  place  this  subject,  we  shall  be  more  and  more 
convinced  of  its  futility."  ,  He,  however,  in  another  place,  ex- 
pressed himself  as  follows  : 

**  If  roads  were  perfectly  hard,  smooth  aad  level,  such  an 
engine  would  probably  have  the  advantage  over  common 
carriages,  because  a  small  power  continually  exerted  would  give 
a  degree  of  velocity  that  could  not  be  supported  by  horses.*' 
This  admission  is  amply  sufficient  to  defend  the  plan  now  pro- 
posed against  the  force  of  his  demonstration,  and  renders  it 
unnecessary  to  go  into  any  investigation  to  point  out  its  defects. 
If,  then,  notwithstanding  the  host  of  objections  "  from  which 
no  particular  plan  can  be  free,"  the  steam-engine  has  been  suc- 
cessfully applied  to  propelling  boats,  we  surely  need  not  de- 
spair of  applying  it  with  success,  also  to  propelling  carriages. 
But,  surely,  the  mere  novelty  and  magnitude  of  the  proposed 
improvement  ought  not  to  startle  us.  We  are  too  apt  to  look 
up  with  reverential  awe  to  what  has  usually  been  called  the 
mother  country,  for  every  improvement  in  the  arts,  without 
considering  how  recent  has  been  the  introduction  and  establish- 
ment of  these  arts  in  that  very  country. 

"  It  is  about  a  century  ago  that  the  first  crude  attempts  to 
apply  the  power  of  steam  to  useful  purposes  were  made;  and  it 
is,  as  it  were,  but  yesterday  that  the  Duke  of  Bridgewater  first 
introduced  canals,  which  have  since  been  so  astonishingly  mul- 
tiplied in  that  country.  And  as  to  railways,  they  are  of  a  much 
more  recent  date,  and  are  at  present  very  limited  in  their  use 
and  application.  A  project,  therefore,  promising  such  vast 
improvement  in  the  transportation  of  commodities  to  and  from 
the  interior  of  our  country,  if  not  stamped  with  absurdity  on 
the  very  face  of  it,  surely  merits  the  most  serious  consideration, 
and  on  this  occasion  I  have  every  reason  to  felicitate  myself  on 
my  good  fortune. 

"When  I  reflect  on  the  high  standing  in  society,  and  enlight- 
ened patriotism  of  the  gentlemen  who  are,  in  the  first  instance, 
to  pass  judgment  on  the  plan  I  have  proposed,  I  feel  perfectly 
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satisfied  that  its  real  merits,  whatever  they  may  be,  will  be  dul 
appreciated. 

*•  It  may  be  objected,  that,  although  the  elevation  of  the  rai 
ways  may  secure  them,  in  a  great  measure,  from  decay,  yet 
constant  transit  of  the  wheels  over  them  will  very  soon  we 
them  out,  in  like  manner  as  we  see  happens  to  the  plank 
bridges.     But  the  cases  are  by  no  means  similar.     As  the  pla 
on  bridges  are  laid  crossways,  the  warping  of  the  plank,  and  t 
enlargement  of  the  cracks  or  seams  between  each,  causes  ir~ 
equalities  in  the  surface;  this  produces  more  or  less  jolting 
the  motion  of  the  wheels  of  carriages  passing  over.     But  wh=^ 
tends  still  more  to  wear  away  the  plank,  are  the  heads  of  t 
nails  in  the  tire  of  the  wheels,  and  also  the  nails  and  calks 
the  horseshoes;  whereas  the  surfaces  of  both  the  railways,  a 
the  rims  of  the  carriage  wheels,  are  made,  in  the  first  instan 
perfectly  smooth,  and  free  from  all  inequalities  of  surface;  a 
as  the  rims  of  the  wheels  will  always  continue  so,  the  railw 
can  never  be  affected   by  anything  except   mere   pressure.  I 

should  presume,  therefore,  that  they  will  be  but  little  subject  ^^ 

wear.     But  wherever  this  wear   takes    place,  they   can   be      -■-''^ 
newed  again  at  a  trifling  expense.     But   should,  contrary  ^^ 

expectation,  experience  prove  these  railways  to   be  so  subj  ^""""^^^ 
to  wear,  as  that   the  frequency  of  their  renewal  becomes 
convenient  and  expensive,  recourse  could  be  had  at  any  ti 
to  cast  or  plated  iron  railways,  which,  without  any  further  tr 
ble  and  expense,  could  be  fastened  on  the  top  of  the  woo 
railways. 

•'  I  would  beg  leave  to  suggest,  that  an  experiment,  by  wlx  ^-  *'" 
the  real  value  of  the  plan  now  proposed  might  be  complete  ^^^Y 
and  satisfactorily  ascertained,  could  be  made  for  a  few  thous^^-  ^^ 
dollars. 

'*  As  the    power  of   the  engine  is  expended  principally""     ^^ 
overcoming  friction,  which  is  increased  in  but  a  small  deg"^^^^ 
by  an  increase  of  velocity,  and  may  be  removed  almost  entix'^^^ 
by  using  friction  wheels,  a  carriage  may  be  made,  by  a  stn^^* 
increase  of  power,  to  acquire  a  velocity  far  greater  than  coti^^ 
be  given  by  the  fleetest  horses ;  and  as,  too,  the  railways  rxit'^^ 
be  incomparably   better   than   the   best   turnpike   road   cou'^ 
possibly  be  made,  I  am  by   no   means  prepared  to  say  wha^ 
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^i^-^riits  may  be  set  to  the  rapidity  with  which  a  carriage  may  be 

^  »"iven  on  these  ways. 

**JoHN  Stevens. 
**  New  York,  Feb.  24,  181 2." 

i^To  be  continued,) 


THE   CONSERVATION   OF  ENERGY.* 

o  the  Editor  of  Engineering  : 

Sir  : — While  I  have  no  exception  to  make  to  your  general 
statement  as  to  the  relativity  of  all  human  knowledge,  I  feel 
as  if  a  few  words  of  explanation  might  be  useful  to  prevent 
what  you  have  said  from  being  misused  by  those  who  are  making 
a  business  of  misleading  the  public. 

While  it  may  be  true  that  our  confidence  that  two  and  two 
cannot  make  five  is  of  a  higher  order  than  our  confidence  that 
the  law  of  gravitation  is  universal,  and  the  conservation  of  en- 
ergy is  absolute,  yet  is  not  this  a  difference  of  degree,  the  result 
of  our  progressive  evolution,  and  may  not  the  time  be  coming 
when  one  will  be  as  near  to  absolute  knowledge  as  the  other  ? 

It  is  stated  on  good  authority  by  Buckle  that  some  native 
Africans  are  not  able  to  see  that  two  and  two  make  four;  but  that 
when  sheep  are  bought  from  them  for  two  quids  of  tobacco 
each,  it  will  not  satisfy  them  to  give  them  four  quids  for  two 
sheep,  but  each  animal  must  be  separately  exchanged  for  two 
quids. 

Is  not  our  practical  realization  of  the  relation  of  numbers 
the  result  of  ancestral  experience,  and  may  we  not  hope  that 
our  descendants  may  have  an  equally  intuitive  perception  as  to 
the  relation  of  the  various  forms  of  energy  ?  Without  waiting, 
however,  for  this  as  a  practical  question,  is  not  our  experience 
on  the  conservation  of  energy  already  sufficiently  extended  to 
warrant  us  in  treating  it  as  a  practical  axiom  on  which  we  may 
safely  base  our  actions  in  all  practical  questions  ? 

''^Engineering,  Loudon,  May  17,  1895. 
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Clerk  Maxwell's  name  properly  gives  weight  to  anythinrr^  -tig 
he  has  said,  even  if  it  is  of  the  nature  of  a  dream  about  demon  .«-:miis; 
but  if  even  Homer  sometimes  nods,  may  not  a  modern  phys^  ^vrsi- 
cist  "drop  off"  when  he  lays  aside  the  conception  of  materi;  i -xial 
substances,  and  turns  his  mind  upon  what  supernatural  agenci^  jt  ^ies 
might  accomplish  in  a  domain  of  dematerialized  matter  ? 

Allow  me  in  this  connection  to  present  to  you  a  letter  whio  m.  ich 
I  have  just  received  from  Professor  J.  Burkitt  Webb,  of  o*  ^ciaour 
faculty,  in  response  to  an  inquiry  as  to  his  views  concerniK:  ^\iig 
Maxwell's  demon  engine. 

Very  truly  yours, 

Henry  Morton. 


April  29,  1895. 

President  Morton  :— The  reference  to  Maxwell's  **  faic^c-mil- 
iars"  in  the  article  in  Engineering,  which  refers  to  your  arti  ^  icle 
in  Gassier' s  Magazine,  calls  to  mind  the  impression  produci^  -ced 
when  I  first  read  Maxwell's  **  Theory  of  Heat."  It  was  delip[j=ght- 
ful  reading  until  I  came  to  his  well-known  demoniacal  sugg^^^es- 
tion  on  page  328,  and  this  sounded  like  a  painful  discord. 

In  the  first  place,  there  seemed  to  be  no  force  in  it,  beca  — ^^use 
most  people  would  a^rcc  that  the  Creator  could  interfere  v\.^»:^vith 
His  own  laws  if  He  wanted  to.     Thus  we  may  hold  that  the 

quantity  of  matter  in  the  universe  is  constant,  and  yet,  if  it  ^^^  was 
created,  the  Creator  might  certainly  be  able  to  add  to,  or  s^=^ub- 
tract  from,  it.     Now  Maxwell's  demons,   notwithstanding  ^^^ 

claim  that  they  arc  "essentially  finite,"  are  supposed  to  h^=    ^^ve 
the  attributes  of  the  Creator,  inasmuch  as  they  must  be  sp:        ^''^^^ 
of  infinite,  or  very  superior,  intelligence,  able  at  once  to  disc    ^grn 
what  particles  should  be,  and  what  should  not  be,  let  thro        "^A 
the  partition,  and  having  no  material  bodies.     Incidentall    ^7;  'f 
seems  quite  appropriate  that  they  should  be  popularly  ca»- '/^c^ 
demons,  in  accordance  with  the  supposition  that  such  h^  i^gs 
are  experts  in  matters  involving  the  manipulation  of  high  ^^/n- 
peratures. 

This  suggestion  of  Maxwell  struck  me  otherwise  as  so/ne- 
what  crude,  like  the  machines  often  proposed  by  inventors, 
which   could   never  be   constructed,  and  would   not  operate  if 
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they  could  be.  Thus  the  partition,  separating  the  two  spaces 
and  in  which  the  doors  are  to  be  located,  must  be  a  material 
partition,  for  we  know  of,  and  consequently  can  assume,  no 
other;  and  doors  in  such  a  partition,  being  also  material,  could 
not  be  operated  without  energy.  The  operation  of  the  doors 
without  loss  of  energy  is,  therefore,  inconceivable,  and  the  same 
objection  holds  against  material  bodies  for  the  demons.  This 
being  the  case,  it  is  unnecessary  to  go  farther  in  showing  that 
the  proposed  plan  for  elevating  the  temperature  of  a  gas  is  not 
in  accordance  with  natural  laws. 

But  fhere  is  another  quite  interesting  view  of  the  case, 
which  places  the  device,  for  thus  accumulating  heat  and  using 
it  to  run  a  heat-engine,  far  below  the  plane  of  a  real  *' Yankee" 
invention,  for  had  Maxwell  his  demons  organized  and  his  en- 
gine ready  to  start,  he  would  need  only  to  change  his  instructions 
somewhat  to  make  the  thing  a  greater  success  than  he  imag- 
ined.    Thus,  in  giving  orders  to  the  demons,  it  would  be  much 
better  to  tell  them  to  1-et  all  molecules  through  the  partition 
toward  the  engine,  but  to  let  none  back,  so  that  nothing  would 
be  needed  for  the  production  of  mechanical   power  but  a  com- 
pressed-air engine  and  reservoir  for  the  patent  denioiiiacal  sur- 
face or  partition.     That  is  to  say,  if  the  reservoir  were  made  so 
that  demons  could   let  molecules  into,  and  not  out  of  it,  or  if 
the  walls  were  filled  with   minute,  frictionless,  immaterial,  or 
<lemoniacaI  check-valves,  which  would  let  particles  in  and  not 
out,  then  we  could  automatically  keep  the  pressure  up  in  such 
s  reservoir,  without  caring-to  raise  its  temperature,  while  we  ran 
an  air  engine  from  it. 

This,  as  you  see,  is  a  legitimate  child,  of  what  seems  to  me 
the  first  absurdity,  and  would  at  once  make  perpetual  motion 
^that  is,  automatic  power  supply)  theoretically  impossible. 

There  is,  however,  a  curious  side  issue  which  might  be  de- 
veloped in  case  the  demon  engine  above  suggested  could  be 
put  into  operation.  For  the  demons  to  let  all  molecules  through, 
and  none  back,  would  be  as  if  a  farmer,  desiring  to  collect  all 
his  unwilling  cattle  in  a  pen,  might  set  some  one  to  driving 
them  rapidly  about  the  field,  so  that  when  one  came  accident- 
ally toward  the  gate  of  the  farmer,  he  could  open  it  and  let  that 
one  through,  taking  care  to  do  so  only  when  none  on  the  inside 
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uld  come  out.    Of  course,  after  a  while  the  smarter  cattle,  at  I: 

st,  would  begin  to  steer  clear  of  the  gate,  and  this  might  lead  ^ 

to  regard  with  favor  Tyndall's  unorthodox  suggestion  that 

:  germs  of  everything,  intelligence  included,  may  exist  in  the 

ginal  atom,  and  to  conclude  that  after  a  little  the  molecules 

uld,  perhaps  after  a  consultation  between  their  component 

•ms,  see  the  point  and  avoid  the  demons  and  their  doors,  in 

:  fear  that  some  additional  and  unauthorized  service  was  to 

gotten  out  of  them,  even  if  they  did  not  get  the  hint  of  it 

m  those  molecules  which  returned  to  them  fagged  out  with 

;ir  efforts  in  running  the  engine. 

Respectfully, 

J.  BuRKiTT  Webb. 

P.  S. — A  copy  of  my  vice-presidential  address  before  Sec- 
n  D  of  the  American  Association  for  the  Advancement  of 
ence  in  1885  accompanies  this.  On  page  4  you  will  find  an 
idental  protest  against  Maxwell's  theory. 

J.  B.  W. 


COMMENCEMENT  WEEK. 

The  baccalaureate  sermon  was  preached  by  Rev.  William 
R.  Jenvey  at  St.  Paul's  Church,  Hoboken,  on  Sunday,  June  i6. 

On  Monday,  at  3  o'clock,  the  class  of  '95  made  a  formal 
presentation  in  the  electrical  laboratory  of  a  30  H.  P.  Payne 
high-speed  engine,  which  had  been  purchased  and  set  up  in 
the  electrical  laboratory  as  a  parting  gift  by  the  class  to 
the  Institute.  An  interesting  program  had  been  arranged, 
including  an  exhibition  of  electrical  experiments,  conducted 
by  Mr.  A.  F.  Ganz,  which  was  witnessed  by  many  of  the  invited 
friends  of  the  class. 

The  Electrocution  of  Calculus  introduced  a  novel  and 
highly  creditable  method  of  celebrating  the  subjugation  of 
this  sore  disturber  of  the  peace  of  sophomores.  At  8  p.  m., 
on  the  17th,  the  class  of  '97  and  members  of  the  other  classes 
formed  in  procession  at  the  Institute,  and,  preceded  by 
the  Castle  Point  Drum  and  Fife  Corps,  marched  to  the 
Quartette  Club  Hall.  The  room  was  already  well  filled,  among 
those  present  being  the  president  and  most  of  the  members  of 
the  faculty. 

A  three-act  play,  written  by  Mr.  William  D.  Ennis,  '97^ 
in  which  the  capture,  trial  and  electrocution  of  a  living  imper- 
sonation of  **  the  fiend  "  were  the  prominent  incidents,  was  per- 
formed by  members  of  the  class.  Laughter  and  applause 
greeted  the  frequent  allusions  by  dress,  action  or  speech,  to 
occurrences  or  to  individual  peculiarities,  which  had  attracted 
the  notice  of  the  students,  and  which  had  been  introduced  by 
the  author  in  a  most  amusing  manner,  in  good  taste,  and 
entirely  free  from  offense  to  the  persons  to  whom  attention 
was  directed. 

It  was  an  entertainment  which  would  have  been  thoroughly 
enjoyed  by  the  lady  friends  of  the  students  and  of  the  Institute, 
"Who,  however,  had  unfortunately  not  been  invited  to  this  first 
trial  of  an  innovation.  The  reception  of  this  play  and  the 
success  achieved,   will  doubtless  encourage  future  classes  to 
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**  You  are  assembled  here  this  evening  to  witness  the 
closing  hour  of  our.  college  career.  On  behalf  of  the  Class  of 
Ninety-five,  I  take  pleasure  in  bidding  you  a  hearty  welcome  to 
these  Commencement  Exercises  and  thank  you  for  the  honor 
you  confer  by  your  presence. 

*•  It  is  not  without  a  feeling  of  sadness,  however,  that  I 
perform  this  otherwise  pjeasant  duty,  for  this  occasion  marks 
the  severance  of  our  connection  as  students  with  the  Institute 
which  during  the  short  four  years  of  our  course  has  become  so 
dear  to  our  hearts.  Wc  all  feel,  as  naturally  we  should,  jubilant 
over  the  arrival  of  this  auspicious  hour;  but  there  is  not  one 
of  our  number  who  does  not,  for  some  reason,  regret  that  our 
college  days  are  at  an  end.  There  have  been  moments  when 
student  life  was  irksome  and  we  thought  how  much  better  off 
we  would  be  out  in  the  world  and  on  the  highroad  to  success; 
but  it  will  not  be  long  before  we  realize  that  the  tasks  we  have 
set  for  us  are,  after  all,  easier  than  those  we  may  be  com- 
pelled to  set  for  ourselves. 

**  Many  of  you  who  are  present  have  watched  with  hopeful 
eyes  our  progress  at  Stevens,  and  know  well  that  this  stage  in 
life's  journey  has  not  been  reached  without  great  mental  effort 
and  frequent  burning  of  the  midnight  oil.     You  have  seen  our 
countenances  clouded  with  looks  of  anxiety,  as  each  term  ap- 
proached its  end.     You  have  also  seen  those  looks  disappear 
and  give  place  to  smiles  of  satisfaction  as  each  examination  was 
successfully  passed,  and  you  arc  no  doubt  in  a  congratulatory 
mood  this  evening  when  you  see  us    hopefully  awaiting  the 
presentation   of   our   diplomas.      These  diplomas,  which  four 
3xars  ago  appeared  to  us  in  the  form  of  a  vision,  are  to-night  a 
reality,  having  cast  off  their  aerial  form  for  one  more  tangible. 
**  Our  college  career  may  in  a  way  be  compared  to  the 
development  of  the  worm  into  the  chrysalis  and   finally  into 
t:he  butterfly.     We  have  passed  from  the  worm  state  of   the 
I'Veshman  to  the  chrysalis  state  of  the   Senior.      To-night   wc 
break  the  now  thin  shell  of  college  life,  and,  like  the  butterflies, 
ve  are  about  to  go  forth  to   flit  among  the  flowers   in   life's 
l^arden,  therefrom  to  gather  our  share  of  the  nectar  of  success. 
*•  The  profession  we  have  chosen  is  a  noble  one,  having  for 
its  sole  object  the  discovery  and  utilization  of  the  truth  ;      and 
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what  can  develop  higher  qualities  of  mind,  nobler  charac- 
teristics of  nature,  than  the  love  and  pursuit  of  truth?  In  fol- 
lowing our  choice  thus  far,  we  have  been  fortunate  in  having 
our  course  guided  by  a  kind  and  considerate  Faculty,  headed 
by  one  who,  while  a  strict  disciplinarian,  was  at  the  same  time  a 
courteous  gentleman  and  a  true  friend. 

*•  For  twenty-two  years  our  Alma  Mater  has  been  sending 
forth  her  coterie  of  laborers  to  the  field  of  engineering.  Start- 
ing in  1873  with  one  graduate  and  keeping  steadily  onward  till 
this  evening,  the  twenty-third  and  largest  class  of  forty-five 
members  presents  itself  to  receive  the  final  words  of  encour- 
agement and  the  parting  gift. 

"In  this  happy  hour  we  must  not  forget  those  who  started 
with  us,  having  the  same  hopes  and  fears  as  we  ourselves, 
for  only  fifty  per  cent,  cff  our  original  number  remain.  Some 
have  seen  fit  to  enter  other  fields  of  labor,  while  others,  through 
failing  health,  have  been  obliged  to  seek  an  easier  task  or 
follow  in  the  rear;  but  we  are  especially  fortunate  in  that  we 
have  not  been  visited  by  the  grim  hand  of  death,  and  have  thus 
only  to  regret  the  departure  and  not  the  loss  of  our  former 
companions." 

The  address  to  the  graduating  class  was  made  by  the  Hon, 
John  M.  Gregory,  LL.D.,  of  Washington,  D.  C,  who  spoke 
as  follows  : 

For  many  years  it  has  been  my  duty  to  deliver  addresses 
to  the  graduates  of  educational  institutions;  to  give  them  cheer 
as  they  leave  their  college  homes,  to  fight  the  battle  of  life  in 
the  outer  world. 

As  a  representative  of  that  great  outer  world,  which  waits 
to  welcome  you,  it  is  my  serious  duty  to  bid  and  entreat  you  to 
come  forth  to  our  side,  to  stand  shoulder  to  shoulder  with  us, 
as  trained  helpers  in  our  work,  as  fresh  reinforcements  on  our 
great  battle-field,  where  so  much  is  expected  and  demanded  of 
each  individual,  as  sympathetic  comrades  in  the  great  life 
march  from  the  cradle  to  the  coffin,  from  our  mothers'  arms  to 
the  cold  embrace  of  mother  earth. 

It  is  but  a  barren  formality  to  welcome  you  to  the  great  op- 
portunities which  the  century  in  which  we  live  opens  to  you. 


Commencetnent  Week.  315 

You  too,  with  us,  are  rightful  heirs  of  the  ages.  The  splendid 
progress  and  achievements  of  this  nineteenth  century  are  not 
ours  more  than  yours.  They  are  growths  from  the  seeding  of 
the  past  generations,  and  they  are  yours  as  well  as  ours,  to 
enjoy,  use,  and  improve,  and  so  to  pass  on  to  the  coming  gene- 
rations of  our  race. 

But,  out  of  the  years  of  toil  and  experience,  let  me  mark 
for  you  some  of  the  grander  features  of  that  stage  on  which 
you  are  about  to  step.  It  must  already  have  caught  your  eye 
that  the  field  of  human  life  and  labor  is  not  all  one  dead-level, 
one  uniform  plane  of  action  and  endeavor.  I  refer  not  to  the 
various  stages  of  fortune  which  divide  the  ignorant  from  the 
intelligent,  the  poor  from  the  rich,  or  the  bad  from  the  good; 
but  to  those  great  natural  planes  of  human  life  to  which  the 
physical,  psychic,  and  spiritual  nature  of  a  man  introduces 
him. 

Man  emerges  at  birth  on  a  plane  of  life,  whose  great  sci- 
entific law  is  the  '"  Struggle  for  Existejice!'  This  is  the  plane  of 
pure  and  simple  Selfism  or  Bgoism.  In  its  lower  and  degraded 
form  it  is  base  selfishness;  in  its  higher  and  more  refined  state, 
it  is  a  proud  individualism. 

On  this  plane,  man's  activities  develop  into  the  arts  and 
industries,  and  wealth  in  all  its  forms  appears. 

I  need  not  urge  you  to  be  active  in  this  plane.  All  around 
you  will  impel  you  to  this.  The  needs  and  Ambitions  of  life 
will  give  you  inspiration.  I  will  not  insult  your  common 
sense  by  defaming  or  belittling  the  rightfulness  or  importance 
of  this  mighty  and  instinctive  struggle  for  life  and  its  com- 
forts; and  you  do  not  need  that  I  shall  warn  you  against  per- 
verting this  struggle  to  the  miser's  toil  for  gold,  or  enlarging 
it  till  it  absorbs  and  corrupts  the  whole  powers  of  life. 

The  education  you  young  men  have  no  one  can  take  from 
you.-  Be  kindly  and  helpful  to  all,  be  honest  and  true  in  your 
work,  and  lend  your  skill  and  science  freely  to  the  multitudes 
who  have  lacked  your  opportunities. 

The  splendor  of  man's  mighty  victories  over  nature  and 
its  forces  has  taken  nearly  all  the  savagery  and  meanness  from 
this  struggle  for  existence,  and  turned  it  into  a  kingly  triumph 
in  which  its  original   character  is  scarcely  perceptible. 
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But  there  is  another  and  higher  plane  of  human  life.  The 
''Struggle  far  Life''  is  not  the  only  activity  which  nature  has 
imposed  upon  man.  As  Prof.  Drummond  says  it,  there  is  a 
'' Struggle  for  the  Life  of  Others,''  >ust  as  natural  and  scientific  as 
the  other. 

This  plane  is  the  plane  of  altruism  or  philanthropy.  It 
begins  in  the  mother's  struggle  for  her  child,  and  mounts  step 
by  step  to  the  father's  toil  for  his  family,  the  friend  or  neigh- 
bor's regard  for  his  neighbor;  the  patriot's  love  for  his  coun- 
try, and  the  philanthropist's  efforts  for  humanity. 

Let  me  entreat  you,  when  you  take  your  places  in  our 
midst  to  begin  your  work  and  career,  do  not  join  the  ranks 
of  the  selfish  crew,  who  sneer  at  and  denounce  the  altruistic 
plane  and  phase  of  life  as  the  empty  dream  of  optimists  or  the 
cunning  pretense  of  tricksters.  Mother-love,  patriotism,  and 
philanthropy  are  not  tricks  or  dreams.  They  are  great  facts 
growing  out  of  the  .elements  of  human  nature  as  logically  as 
the  arts  of  civilization  have  grown  out  of  the  primal  need  for 
food  and  shelter. 

History  owes  its  grandest  pages  to  these  principles  of 
man's  altruistic  love  for  his  country  and  his  kind.  His  battles 
for  the  right,  and  against  oppression  and  the  wrong,  are  not 
parts  of  the  struggle  for  others. 

The  movement  now  in  the  air  for  municipal  betterment 
and  for  civic  reform,  honors  mankind  because  it  is  so  purely 
altruistic. 

Avoid  selfishness,  that  you  may  obtain  higher  spiritual 
worth.  Struggle  not  only  for  yourself,  but  for  the  life  of  others. 
Be  patriotic  lovers  of  your  country.  There  is  a  cry  on  both 
continents  for  better  municipal  government,  and  no  young  men 
are  better  equipped  for  this  great  work  than  you,  with  your 
technical  knowledge  of  railroads,  machinery,  and  all  the  forces 
that  are  now  so  essential  to  our  existence. 

To  these  great  sociologic  movements  we  ask  your  brain 
and  hand.  Come  to  our  help  and  rescue,  as  we  fight  these  last 
and  grandest  battles  of  civilization  and  of  humanity. 

But   does   our   w^ork   stop   here?     Does  selfism  and  othei — 
selfism,  the  soul  and  society,  comprehend  all  of  humanity? 

As  Guizot,  that  great  French  historian,  wrote:  **  Where  the:^ 
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history  of  civilization  ends,  when  there  is  no  more  to  be  said 
of  the  present  life,  man  invincibly  demands  if  all  is  over — if 
that  be  the  end  of  all  things?  This,  then,  is  the  last  problem, 
and  the  grandest  to  which  the  history  of  civilization  can 
lead  us.'* 

Is  not  the  key  to  this  problem  offered  us  by  Him,  who  so 
loved  the  world  that  He  gave  Himself  a  ransom  for  it? 

The  Kingdom  of  God  or  of  Heaven,  of  the  True,  the  Good, 
the  Beautiful,  the  Divine  is  above  and  beyond. 

On  this  last  and  highest  plane  man  also  lives  and  works. 
Here  spring  and  grow  the  poet's  loveliest  dreams,  the  states- 
man's loftiest  ideals.  Here  stands  out  as  the  ultimate  truth 
the  Fatherhood  of  the  Eternal,  the  divinity  of  man. 

Finally,  on  this  three-fold  plane  of  life,  comprehended  in 
the  two  great  laws  to  which  the  Founder  of  Christianity  lent 
his  most  sublime  and  strongest  sanction,  your  own  good,  as  well 
as  ours,  binds  you  all. 

"  Lives  of  great  men  all  remind  us 
We  can  make  our  lives  sublime, 
And,  departing,  leave  behind  us 
Footprints  on  the  sands  of  time. 

"  Footprints,  that  perhaps  another 
Sailing  o'er  life's  solemn  main, 
A  forlorn  and  shipwrecked  brother, 
Seeing,  shall  take  heart  again." 

The  degree  of  Mechanical  Engineer  was  then  conferred 
by  Mr.  S.  B.  Dodd,  President  of  the  Board  of  Trustees,  who 
handed  their  diplomas  to  the  members  of  this,  the  largest  class 
yet  graduated  from  Stevens.  The  names  of  the  graduates  and 
the  subjects  of  their  theses  are  given  below. 

Graduates  Receiving  the  Degree  of  Mechanical  Enginkkk. 

Subjects  of  Theses. 
Percy  Allan.         G.  Everett  Bruen.         Frederick  K.  Vreicland. 
Experimental    Determination     of  the  Influence  of  Back 
Pressure  upon  the  Economy  of  a  Condensing  Compound  En- 
gine. 
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Pearson  Arrison.  Willard  Brown.         Richard  H.  Gunagan. 

Test  of  Engine  and  Boiler  on  Steamboat  Calvin  Tompkins. 

D/D.  Barnum.  William  H.  Corbett. 

Analysis  and  Test  of  Shaft  Governors. 

Thomas  E.  Butterfield.  Frederic  D.  Ogden. 

Review  of  the  Stresses  and  Proportions  of  the  Central  Span 

of  the  Poughkeepsie  Bridge. 

Lattimore  Carter.       Edwin  Hutchinson.      Edward  W.  Robinson. 
Test  of  Cold  Storage  Plant  at  Newark,  N.  J. 

Austin  Church.  Charles  T.  Church.  Edmund  Kemble. 

Comparative  Test   of  Three  Types   of  Boilers — Babcock, 
National  Water  Tube,  and  Corliss  Upright. 

Stuart  Cooper.  Robert  E.  Hall.  Charles  P.  Paulding. 

Plan  and  Estimate  for  the  Improvement  of  the  Water 
Power  at  West  Point  Foundrv  and  Introduction  of  Electric 
Transmission. 

Morgan  S.  Craft.       Thomas  B.  Cuming.       Frfderick  R.  Smart,  Jr. 
P3fficiency  Tests  of  Different  Gas  Burners  and  of  Oil  Lamps. 

Albert  F.  Ganz.  Frederick  N.  Taff.  Laurids  C.  Sorensen. 

Test  of  the  Morris  County  P^lectric  Company's  Lighting 

Plant  at  Morristown,  N.  J. 

Charles  Austin  Greenidge. 

P^xperimental  Tests  of  Non-conducting  Materials  for  Cov- 
ering for  Steam  Pipes. 

Alexander  K.  Hamilton.  Arthur  E.  Woolsey. 

Performance  of  Twin  Screw  Steamer  City  of  Loivell. 

James  B.  Hamilton.  A.  R.  Williams - 

A  Comparative  Test  of  a  Blake  Compound  Direct  Actings 

Steam  Pump  and  a  Single  Acting  Pump  for  Boiler  Feed. 
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Edward  M.  Harrison,  Jr.  Charles  J.  Slipper.  Edward  C.Schmidt 

Relative  Heating  Powers  of  Coal  by  Direct   Experiment 
and  Comparison  with  Calorimeter  Tests. 

George  P.  Hodgman. 
The  Relative  Merits  of  Pneumatic  and  Electric  Transmission, 

of  Power  in  Railway  Shops. 

«  Guy  Hopkins. 

Calorific  Intensity  of  Coal. 

Bethel  H.  Jackson. 
Power  Absorption  by  the  Water  Rheostat. 

Theodore  E.  Jewell. 
Design  of  a  Floating  Grain  Elevator. 

Frank  V.  Lawrence.  Frederick  W.  Walker. 

Test  of  the  Edison  P^lectric  Illuminating  Plant,  Brooklyn,  N.  Y. 

G.  Arthur  Lenssen,  Jr. 

Comparative-  Determination  of  the  Permeability  of  Iron 
by  Various  Methods,  in  Particular  by  Means  of  Alternating 
Currents. 

Frank  N.  Macveety.  William  W.  ^Vard. 

Investigatfon  of  Line  Losses  in  a  Trolley  System. 

Howard  H.  Maxfield. 
Review  of  a  Highway  Bridge  at  Worcester,  Mass. 

Nestor  Ramirez. 
Test  of  Refrigerating  Plant  at  the  Reading  Terminal,  Phil- 
adelphia, Pa. 

H.  C.  ZlMMERMANN. 

Test  of  Boiler  and  tlngine  of  Tug  Peter  S. 

Mr.  Dodd  announced  that  the  Stevens  School  Scholarship 
had  been  this  year  awarded  to  two  competitors,  Messrs.  R.  C. 
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Aldrich  and   F.  B.  Sanson,  on  account  of  the  high  and  close 
averages,  98.2  and  97.7,  respectively  earned  by  them. 

Mr.  Wm.  H.  Corbett  followed  with  the  valedictor>'.  His 
address,  which  is  given  herewith  in  full,  was  received  with 
hearty  applause. 

Valedictory  Address. 

'*  Mr.  President,  Gentlemen  of  the  Board  of  Trustees  and 
of  the  Faculty  of  Stevens  Institute  of  Technology,  Friends, 
Classmates: 

"  The  final  page  of  the  history  of  our  class  as  a  corporate 
body,  is  about  to  join  its  predecessors  in  the  rank  and  file  of 
the  past.  The  machinery  of  Stevens  has  again  completed  its 
cycle,  and  another  little  group  of  ambitious  youths,  clothed  in 
the  dignity  bestowed  by  the  degree  received  to-night,  is 
pausing  on  the  threshold  of  a  future,  which  impartially  yields 
its  allotment  of  joys  and  sorrows,  triumphs  and  disappoint  me  nts» 
to  each  and  every  one.  The  portals  which  to-night  close  on 
the  collegiate  existence  of  our  class  separate  us  from  a  group 
of  opportunities,  a  succession  of  events,  and  an  atmosphere  of 
influence,  the  effect  of  which  will  survive  the  processes  of 
time  and  exist  as  a  most  cogent  factor  in  our  future  career. 
Yesterday  we  were  students  reveling  in  the  thought  that  the 
far  distant  goal,  which  held  us  steadfast  through  the  rugged 
steeps  of  our  infant  college  efforts,  was  at  last  within  our 
reach.  To-day  we  glory  in  the  sweetness  of  our  victory.  To- 
morrow we  will  be  graduates,  face  to  face  with  the  stern 
realities  of  life,  before  which  the  glittering  dreams  of  fanciful 
youth  lose  their  splendor  and  their  potency.  The  time  is  at 
hand  when  the  little  battalion  of  recruits,  who  have  been  drilling 
away  striving  to  master  the  principles  which  must  be  brought  to 
bear  in  subduing  the  forces  of  nature  to  the  will  of  man,  will 
receive  their  appointments,  and  for  the  time  be  lost  to  view  in 
the  immensity  of  the  engineering  field.  Here,  as  common 
soldiers  in  the  ranks  of  the  mighty  army  of  engineers,  we 
will  find  ourselves  side  by  side  with  the  trained  cohorts  from 
other  institutions  of  grander  proportions  than  our  own. 
Youthful  conceits  will  be  shattered,  visionary  dreams  will  be 
subject  to   rough  awakenings;   but   still,  actuated   by   similar 
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ambitions  and  educated  in  the  light  of  the  one  broad  creed 
which  binds  the  devotees  of  engineering  together,  these  comrades 
will  struggle  forward  with  the  laurel  wreath  of  success  stimu- 
lating every  faculty  which  can  be  brought  to  bear.  Then 
comes  the  crucial  test  of  the  student's  training,  and  if  the 
Stevens  man  of  the  '95  product  sustains  the  established  repu- 
tation of  the  past,  the  flight  of  time  will  not  be  long  ere  from 
the  serried  ranks  of  struggling  men,  leaders  will  be  chosen 
whose  success  will  warm  the  hearts  of  those  who  honor  us 
with  their  presence  to-night. 

*  And  yet  in  the  order  of  nature  it  has  been  arranged  that 
failures  must  come,  and  far  be  it  from  my  wish  to  picture  an 
ideal  future  of  transcendent  success,  such  as  has  never  yet 
crowned  the  efforts  of  man.  The  possibility  of  the  fulfilment 
of  the  hopes  and  stimulating  resolves  which  are  dominant  in 
our  hearts  to-night  would  doubtless  pronounce  this  class  to  be 
the  most  brilliant  in  the  annals  of  history,  and  yet  we  are  but 
like  unto  other  bands  of  classmates  who  have  listened  to  the 
honeyed  words  which  foretold  distinctions  which  have  yet 
to  be  realized.  Rather  than  let  the  untutored  vision  of  youth 
fall  unto  the  unknown  future,  let  us  turn  to  the  more  immediate 
duty  of  thanking  those  who  have  equipped  us  with  the  weap- 
ons of  knowledge  to  face  that  future  with  calm  mien,  and  bid 
them  Godspeed  in  the  continued  performance  of  a  duty  which 
should  crown  their  latter  days  with  the  proud  satisfaction  of  a 
worthy  mission  well  accomplished. 

**  Mr.  President,  in  thanking  you  for  the  precious  oppor- 
tunities which  we  have  received  under  your  direction,  we  feel 
that  no  praise,  however  unstinted,  would  be  unmerited.  The 
stores  of  your  learning,  the  courtesy  and  liberality  of  your  na- 
ture, and  your  keen  sense  of  justice,  have  ever  been  at  our  dis- 
posal and  worthy  of  our  respect  and  gratitude. 

"  To  our  literary  venture  you  have  contributed  the  talents 
of  your  mind,  and  in  the  financial  straits  of  our  athletic  status 
the  talents  of  your  purse  have  been  generously  in  evidence. 
Students*  demonstrations  founded  on  equity  and  fairly  pre- 
sented have  been  recognized  and  sustained  ;  while  those  of  a 
contrary  order  have  been  as  quickly  recognized,  but  as  suni- 
inarily  disposed  of,  proving  that  the  vigor  of  the  disciplinarian 
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was  not  subverted  by  the  benign  thought  of  the  educator. 
In  the  social  walks,  which  have  offered  their  delightful  periods 
of  relaxation,  you  have  joined  forces  with  the  one  who  has  so 
richly  blessed  you  with  life  companionship,  and  offered  chann- 
ing  little  bowers  for  rest  and  enjoyment. 

**  In  short,  you  have  been  our  master,  our  counselor,  and 
our  friend.  By  the  aid  of  your  example  we  recognize  the  old 
adage,  that  *  actions  should  be  valued  by  their  utility  rather 
than  by  their  splendor,'  and  with  a  wealth  of  gratitude,  and 
severe  pangs  of  regret,  we  bid  you  farewell. 

**  Gentlemen  of  the  Faculty,  captains  of  the  various  ships 
which  have  safely  brought  us  our  store  of  knowledge,  receive 
our  thanks  for  your  watchful  guidance,  which  permits  us  to 
stand  here  to-night.  Having  heard  the  encomiums  of  two  of 
my  predecessors  in  your  behalf,  it  would  seem  impossible  to 
further  accent  your  individual  virtue  and  composite  greatness, 
as  outlined  in  the  very  splendor  of  their  asserted  opinions. 

*'  It  must  have  been  the  magnificent  qualifications  therein 
portrayed,  which  have  made  us  appreciative  of  each  other ;  for 
some  of  the  more  enthusiastic  members  of  your  body  have  al- 
lowed their  unbounded  admiration  for  our  class  to  find  expres- 
sion in  the  history  of  the  Institute,  in  fact,  that  we  are  the  best 
on  record.  Whether  the  distinction  was  gained  by  our  rapid 
absorption  of  knowledge,  or  by  lack  of  inventive  genius  de- 
voted to  the  pleasant  diversion  of  making  life  miserable  for  our 
professors,  matters  little,  since  in  either  case  joy  has  been  in- 
fused into  your  hearts.  We  would  not  have  you  stand  alone 
in  your  happy  expression  of  esteem,  and  we  frankly  confess 
that  you  constitute  the  finest  faculty  which  has  ever  presided 
over  the  dissection  of  our  lofty  flights  of  intellect.  If  y^^"^ 
evident  appreciation  of  our  scholarly  demeanor  has  lured  us 
from  the  paths  of  modesty  and  led  us  to  conceive  and  present 
new  plans  for  the  operation  of  your  various  departments,  mer- 
cifully attribute  it  to  the  growth  of  greatness  consequent  upo" 
your  watchful  mstruction.  One  of  the  sage  counselors  in  your 
midst  has  truthfully  remarked  that  an  opinion  of  your  past  ef- 
forts in  our  behalf  twenty  years  hence,  is  the  time  exponent oi 
their  value,  and  to  such  of  you  as  by  God's  grace  are  permitted 
to  span  the  period  of  continued  life,  we  doubt  not  that  the 
blessing  of  rev;atdcd  effort  will  be  yours. 
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**  The  course  which  you  have  made  celebrated  has,  by  vir- 
tue of  pressing  needs,  not  been  supplanted  by  the  luxuries  of 
funds  which  are  at  the  disposal  of  your  compeers  in  some  sim- 
ilar institutions,  but  yet  you  have  verified  the  truth  of  Web- 
ster's declaration  that  *  costly  apparatus  and  splendid  cabinets 
have  no  magical  influence  to  make  scholars.*  That  you  have 
made  scholars  in  the  past  is  amply  vouched  for  by  the  prestige 
of  Stevens  to-day.  That  you  may  continue  in  the  life's  work 
which  is  founded  rather  on  the  love  of  science  and  mankind 
than  the  hope  of  personal  aggrandizement,  is  the  desire  of 
those  who  now  wish  you  Godspeed. 

"  Classmates,  companions  of  the  most  delicious  portion  of 
man's  life,  it  is  now  my  solemn  duty  to  bid  you  farewell.  The 
friendships  which  have  been  formed  by  four  years  of  constant 
association  are  the  dearest  which  ever  fall  within  the  circle  of 
human  existence.  During  this  long  but  rapidly  fleeting  period 
of  companionship,  the  heart  has  learned  to  feel  the  rich  blessed- 
ness of  true  friendship,  and  the  thought  that  the  hard,  prosaic 
duties  of  mature  manhood  are  about  to  thrust  their  diverting 
influence  between  our  treasured  fellowship,  tinges  the  graduate 
joy  with  a  shade  of  sadness.  The  stereotyped  words  of  praise 
and  appreciation  are  no  longer  valid  performance  of  my  task, 
for  the  spontaneous  promptings  of  the  heart  usurp  the  meas- 
ured dictates  of  the  mind. 

"Among  those  who  graduate  this  evening  are  just  half  of 
the  original  class  of  '95,  as  it  first  assembled  and  started  the 
joint  process  of  gaining  knowledge  and  muscle  by  alternate 
contacts  with  the  professors  and  the  Sophs.  The  stint  of  ag- 
gressive progress  which  was  manifested  in  those  Freshman 
days  has  clung  through  the  course  and  is  even  now  inspiring 
you  with  a  fearless  contemplation  of  which  lies  before.  And 
yet  the  independence  of  thought  and  action  which  you  have 
shown,  has  offered  no  barrier  to  the  amicable  and  dignified  set- 
tlement of  the  inventors'  questions  which  have  presented  them- 
selves for  your  disposal.  Party  issues  have  not  ruled,  and  clan- 
nish combinations  have  to  a  small  extent  perverted  the  honest 
expression  of  your  opinion. 

"The  odious  spectacle  of  class  disruption  has  never  sub- 
jected us  to  the  scorn  of  our  elders  or  poisoned  the  example 
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for  those  who  follow.  These  thoughts  which  come  back  to  me 
as  I  look  over  the  record  make  me  proud  and  happy  to  think 
that  in  the  future  I  shall  be  able  to  cherish  recollections  of  my 
college  life  which  shall  be  bright  and  filled  with  little  incidents, 
the  review  of  which  will  bring  no  pangs  from  half-healed  wounds, 
but  rather  sweet  commingling  of  delightful  memories  which, 
softened  and  blended  by  time,  affords  mankind  one  of  the 
chief  means  of  crowding  that  which  is  hard  and  worldly  from 
the  mind.  Nor  will  memory  be  our  sole  aid,  for  on  the  num- 
erous voyages  through  life  our  paths  will  frequently  intersect, 
and  the  two  travelers  will  for  a  time  sail  along  side  by  side 
and  revel  in  the  renewed  friendship  which  brings  back  the 
spirits  of  the  good  old  days. 

**  And  now,  my  classmates,  the  time  of  parting  is  at  hand, 
the  final  class  roll-call  has  been  answered,  and  the  commence- 
ment of  our  real  life  begins.  That  your  course  down  the  wider 
and  deeper  stream  of  manhood  maybe  attended  by  the  encour- 
agements of  success  and  the  blessedness  of  a  true  and  faithful 
life  is  my  most  fervent  hope.  A  chapter  of  our  life  is  rounded 
off  and  completed;  ties,  many  and  cherished,  are  severed  and 
the  word  which  makes  us  Imger  is  at  hand.  Classmates,  I  bid 
you  an  affectionate  farewell." 

The  Rev.  Mr.  Jcnvey  then  pronounced  the  benediction, 
and  the  men  who  had  now  finished  their  student  life  at  Stevens 
hastened  to  receive  the  greetings  of  waiting  friends. 

Messrs.  Edward  C.  Schmidt,  Frederick  K.  Vreeland,  and 
Percy  Allan  constituted  the  Commencement  Committee. 

The  Reception  Committee  was  composed  of  the  followin 
members  of  the  Junior  class:  Wallace  Willett,  William  T.  Ras — 
mus,  Henry  M.  Hardic,  William  H.  Jennings,  Edwin  L.  Decker 
and  W.  Cullen  Morris. 

The    Glee,  Mandolin,  and   Banjo  Clubs,  under  the  leader 
ship,  respectively,  of  Messrs.  MacGregor,  '96,  Evertz,  '96,  an 


Barnum,  '95,  contributed  several   numbers  to  the  musical  pa»^f 
of  the  proi^rani,  t(^  the  evident  delight  of  the  audience. 


ANNUAL  MEETING   OF    THE    ALUMNI    ASSOCIATION    OF 
STEVENS  INSTITUTE,  HOBOKEN,  JUNE  19,  1895. 

The  annual  meeting  of  the  Alumni  Association  of  Stevens 
Institute  of  Technology,  held  in  the  hall  of  Stevens'  School, 
was  called  to  order  by  President  Hewitt. 

It  having  been  announced  that  the  minutes  of  the  previous 
meetings  were  printed  in  full  in  the  Indicator,  it  was  moved, 
seconded  and  carried  that  the  reading  of  the  minutes  be  dis- 
pensed with. 

The   treasurer,    Mr.   W.    H.    Bristol,  made  the  following 

report,  which,  on  motion,  was  accepted  : 

Trkasukek's  Report. 

HoBOKEN,  June  19, 1895. 

To  the  Alumni  Association  of  the  Stevens  Institute  of  Technology  : 
_  I.    General  Fund. 

Receipts.  \ 

Balance  in  FuntI  June  20,  1894 *«i4 

Dues  for  1894^5 ^60^ 

Dues  in  arrears '~^  vL 

Dues  in  advance 1 2  c  ) 

Expenditures  

Alumni     subscriptions     .Stevens'      Indicatok,  '^'•^  3"* 

to  June,  1895 


P.  E.  Raque,  correspond  in  jjj  secretary,  printinj^,        5>68o  00 

postage  and  clerk  hire 

\V.  H.  Bristol,  treasurer,  printin|>j,   postage  and  71  22 


clerk  hire 

Expenses,  annual  meeting,  June  20,  '94 35  75 

Expenses,  midwinter  meeting,  February  20,  95.  4  00 

115  75  906  72 

Balance  June  19, 189^ — 

S    6  62 
Dues  in  arrears  June  19,  1895 969  00 

II.    Beneficiary  Kind. 

Receipts.  I 

Balance  in  Fund  June  20,  1894 :>867  33 

On  loans  repaid 182  04     ' 

Interest  on  loan 3  22 

Bank  interest  to  Jan.  i,  1895 29  98 

Expenditures.  '■       ^^^.  ry 

Loans ;?i5o  00 

Temporary  loan  to  Indicator 600  00 

-     j         750  00 

Balance  \i\  Fund  June  19,  18(^5 ^^^2  c-* 

Amount  of  outstanding  loans '  ^25  19 
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III.    Library  Fund. 


Balance  in  Fund  lune  20,  1894 
Balance  in  Fund  June  19,  1895 


?5"4  75 
"4  75 


IV.    Library  Portrait  Fund. 


Balance  in  Fund  June  20,  1894 
Balance  in  Fund  June  19,  1895 


Si  72 
I  72 


ii 


V.    Stevens' "Indicator." 


Receipts. 

Balance  June  20,  1894 

From  Prof.  Graydon,  Business  Manager 

Alumni  subscriptions  to  date 

Loan  from  Beneficiary  Fund 


S243  77 
603  71 
680  00 
600  CO 


l< 
(I 


Expenditures, 
Publication  April  Indicator,  1894 

July  "  1894 

Oct.  "  1894 

Jan.  "  1895 

April  "  1895 

Prof.  Graydon,  editing  Indicators  from  April, 

1894,  to  Julv,  1895 

Drawings  and  cuts  for  Indicators 

Reprints 

Typewriting 

Commission  on  adv(?rtisenients 

Indexing 

Binding  Indicators 

Stationery 

Sundries  per  Managing  Editor 


$257  77 

307  70 

210  32 

410  58 

298  73 

250  CO 

155  28 

66  00 

5  75 

16  25 

43  46 

20  40 

28  50 

55  03 

$2127  48 


II     2125  7: 


Balance  June  19,  1895 


l| 


$1  71 


Respectfully  submitted, 

W.  H.  Bristol,  Treasurer. 

In  addition  to  his  financial  report,   Mr.   Bristol  announc  ^c 
the  names  of  several  members  who  are  more  than  three  ye^^^s 
in  arrears  for  dues,  and  who  have  been  dropped  from  the  r^l 
in  accordance  with  the  provisions  of  the  constitution. 

Mr.   Humphreys  asked  for   informnation  concerning  the 
loan  to  the   Indicator  from  the  Beneficiary  Fund,  and  Mr 
Graydon  stated  that  it  was  made  from  a  balance  lying  in  ba/jt 
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o  enable  the  Indicator  to  meet  its  bills  promptly  in  advance 

*f  collections  for  advertising  which  would  not  be  due  until  July 

r  later.     Outlay  on  the  Indicator  had  been  unusually  heavy 

mi  the  early  part  of  the  year,  owing  to  the  **  Index  of  Engineer- 

«ig  Literature"  and  other  features  introduced,  when  there  ap- 

a  reasonable  probability  of  larger  returns  from  subscrip- 

Eons  than  have  materialized.   On  the  other  hand,  the  advertising 

<:count  has  been  increased  about  $300  this  year.     The  outlay 

the  remaining  numbers  of  the  volume  will  be  much  less 

e  previous  ones,  and  there  is  a  reasonable  prospect  that  the 

will  be  required  for  but  one  year. 

Prof.  Riesenberger  reported  the  status  of  the  Building 
und,  as  follows: 

The  Fund  on  June  i,  1894,  was     ....      $  9,681.11 

1895,   "       ....        11,319.08 

The  total  amount  of  the  Fund  to  date,  including  accrued 
Merest,  is  about  Si 2,000. 

On  motion,  the  report  was  accepted  and  ordered  spread 
the  minutes. 

Mr.  Flack,  Secretary  of  the  Executive  Committee,  made 
^  following  report: 

:k.  President  and  Gentlemen  of  the  Association: 

Your  Executive  Committee  desires  to  report  that  it  has 
Id  a  number  of   meetings  during  the  past  year,  for  the  pur- 
se of  transacting  the  necessary  business  of  this  association. 
The  midwinter  meeting  was  arranged  for,  and  your  com- 
ttee  feels  very  much  gratified  at  the  result.     The  attendance 
the  Alumni  at  this  meeting  numbered  79.     The  invited  un- 
xgraduates  numbered  36.     The  large  attendance  and  general 
od  time  which  prevailed,  shows  an  increasing  interest   in 
^^e  meetings.  The  committee  feels  indebted  to  the  Glee,  Man- 
lin  and  Banjo  Clubs  of  the  undergraduates  for  their  aid  in  the 
tertainment,  and  considers  itself  fortunate  in  having  such  re- 
Xirces  to  call  upon. 

Your  committee  has  the  following  resignations  to  report: 
R.  M.  Riddle, '81;  Leon  Greenbaum'85;  Jas.  B.  Adger,'83. 
One  of  the  borrowers  from  the  Beneficiary  Fund  has  been 
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long  in  arrears,  and  your  committee  desires  to  report  the  fact 
for  such  action  as  you  deem  proper. 

J.  Day  Flack,  Rec.  Secy. 

Several  members  expressed  their  views  as  to  the  wisest 
action  to  be  taken  in  the  matter  of  the  debtor  to  the  Benefici- 
ary Fund,  and  on  motion,  duly  seconded,  it  was  resolved  to 
refer  the  matter  back  to  the  P2xecutive  Committee  for  further 
investigation. 

In  the  absence  of  Mr.  Wolff,  the  retiring  Alumni  Trustee, 
Mr.  Durand  Woodman  reported  for  the  Alumni  Trustees,  that 
the  financial  status  of  the  Institute  was  good,  and  that  the  ma- 
terial  acquisitions   to   the   Institute  this  year,  have  been  three 
additions  to  the  machinery  of  the  Department   of  Electricity; 
one   being   a   dynamo  machine   adapted  to  yield  a  current  of 
large  volume   at   moderate   potentials,  and  developing  about 
twenty  electrical  horse-power,  presented  by  President  Morton; 
another,  a  thirty  horse-power  Payne   engine,   and  a  biphase 
electric  motor,  presented  by  the  Class  of  '95.     The  Institute 
has  also  received  a  model,  in  metal,  of  a  Buckeye  engine,  pre- 
sented by  the  Buckeye  Engine  Co. 

On  motion,  the  report  was  accepted  and  ordered  spread 
on  the  minutes. 

The  following  letter  from  Mr.  A.  R.  Wolff,  was  handed 
the  Secretary  after  the  close  of  the  meeting,  too  late  to  be 
read. 

To  the  President  and  Members  of  the  Alumni  Assoeiation,  Stevens 

Institute. 

Gentlkmkn: — It  has  been  my  intention  to  be  with  you  this 
evening,  to  say  a  few  words  as  Alumni  Trustee,  but  a  matter 
has  arisen  which  makes  it  imperative  forme  to  leave  town. and 
does  not  enable  me  to  be  present  at  to-night's  meeting.  Please 
accept  my  expression  of  regret,  and  my  apology  that  I  cannot 
join  in  your  deliberations  and  in  the  renewal  of  good-fellow- 
ship  and  friendship  which  marks  these  occasions. 

Thinj^s  run  so  smoothly  at  the  Institute  under  the  wise,]"* 
dicious,  and  energetic  management  of  our  self-sacrificing  Presi- 
dent Morton,  aided  by  the  equally  earnest  efforts  of  the  Fac- 
ulty, that  the  office  of  Alumni  Trustee  represents  one  mainly 
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of  honor,  unalloyed  pleasure,  and  very  little  work.  But  perhaps 
this  is  the  most  gratifying  report  that  a  trustee  can  give,  that 
everything  is  in  such  excellent  condition,  and  is  being  so  wisely 
managed,  that  there  is  no  demand  for  his  taking  an  active  part 
in  the  management,  except  to  note  how  things  are  going,  and 
to  appreciate  that  they  are  going  well.  In  one  sense,  the 
finances  of  the  Institute  are  in  excellent  condition — that  is  to 
say,  during  my  three  years*  service  there  has  been  each  year  an 
increase,  though  comparatively  small,  in  the  capital  of  the  In- 
stitute, occasioned  mainly  by  the  fact  that  the  high  school  is  a 
paying  institution,  and  that  its  net  income  exceeds  by  a  few 
thousand  dollars  the  small  deficit  which  the  Institute  proper 
shows  every  year.  It  is  remarkable  how  much  is  being  done 
in  the  Institute  with  the  capital  and  income  at  command,  a  fact 
ivhich  must  come  home  to  all  of  us  when  we  are  aware  that  the 
actual  capital  of  the  Institute  is  very  much  below  one  million 
dollars.  In  these  days  of  donations  of  a  million  dollars  for  in- 
dividual buildings,  it  is  patent  that  a  total  capital  of  consider- 
ibly  less  than  one  million  dollars  is  very  small  for  an  institu- 
:ion  of  the  standing  of  Stevens,  and  one  doing  the  amount  of 
ivork.  It  is  well  to  bear  in  mind,  both  in  justice  to  the  remark- 
able results  achieved  and  also  from  the  point  of  view  that 
there  is  danger  attached  to  the  husbanding  which  comes  from 
having  a  small  capital,  that  the  capital  is  so  small,  and  it  is  to 
be  sincerely  wished  that  there  may  be,  by  bequests  or  other 
means,  a  decided  increase  in  the  available  funds. 

The  work  which  is  being  done  at  the  Institute  is  of  a  high 
order,  and  I  think  that  it  is  a  conservative  statement  to  make, 
that  no  other  institution  of  engineering  in  this  country,  despite 
greater  facilities  of  capital,  is  ahead  of  Stevens,  or,  indeed,  equal 
to  Stevens  in  the  work  accomplished.  This  result  is  due.  as  I 
have  already  said,  to  the  ability  and  self-sacrifice  of  the  Presi- 
dent and  his  associates  in  the  Faculty,  and  also  to  the  character 
of  students  who  find  a  congenial  atmosphere  in  Stevens*  halls. 
It  is  the  character  of  men  that  are  turned  out,  and  the  work 
they  do  in  actual  life,  which  determine  the  character  and  stand- 
ing of  an  institution,  and  determine  whether  it  is  a  success  or 
not.  Gauged  by  this  standing,  and  the  appreciation,  name  and 
2ven  fame  which  Stevens'  graduates  have  won,  the  Institute  is 
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certainly  a  success,  and  its  leaders  are  to  be  congratulated  on 
the  achievement. 

At  the  meeting  of  the  Board  of  Trustees  yesterday  evening 
it  was  decided  to  institute  some  lectures  by  some  competent 
patent  lawyers  on  patent  law — not  with  the  idea  of  entering  this 
subject  in  any  detail,  but  to  present  the  great  underlying  prin- 
ciples sufficient  to  put  the  graduates  on  their  guard,  so  that 
they  will  know  enough  to  seek  proper  protection  for  the  inven- 
tions which  they  may  make,  and  not  find  themselves  without 
the  legitimate  profit  which  their  inventive  ability  and  skill 
should  demand,  but  which  a  defective  patent  may  cause  them 
to  forego,  as  has  been  the  experience  of  not  a  few  of  Stevens' 
graduates  in  the  past.  It  is  also  intended  to  have  a  few  lect- 
ures on  methods  of  keeping  shop  accounts,  so  that  the  young 
men,  on  graduation,  may  have  some  little  insight  into  the  prin- 
ciples which  underlie  this  subject. 

It  has  also  been  decided  to  invite,  to  the  reasonable  degree 
which  the  already  crowded  course  of  the  Institute  will  permit, 
a  few  graduates  to  deliver  a  lecture  or  two  on  some  specialties 
which  they  are  competent  to  discuss,  and  it  is  believed  that  the 
graduates  will  only  be  too  glad  to  meet  this  demand  without 
any  compensation. 

Mr.  George  M.  Bond  has  been  elected  an  Alumni  Trustee 
to  fill  the  vacancy  occasioned  by  the  expiration  of  my  term, 
and  it  gives  me,  individually,  pleasure  to  know  that  so  far  more 
competent  a  man  is  now  in  office. 

Thanking  you  for  the  many  honors  which  you  have  con- 
ferred upon  me  in  the  past,  the  greatest  of  which  was  to  be  one 
of  your  representatives  in  the  Board  of  Trustees,  I  have  the 
honor  to  be,  Sincerely  yours, 

Alfred  R.  Wolff. 

As  the  Executive  Committee  had  not  elected  the  Class  of 
'95  to  membership  in  the  association,  the  matter  was  now 
brought  up,  and,  on  motion,  the  Secretary  cast  the  necessary 
vote  admitting  the  class  to  membership. 

President  Hewitt  then  read  his  address,  which  was  followed 
with  close  attention,  and  received  with  hearty  applause. 

President  Hewitt's  Address 
1  believe  it  is  the  privilege  of  your  presiding  officer  upon 
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retiring,  although  it  may  not  be  the  invariable  custom,  to  make 
some  remarks:  I  will  not  attempt  to  dignify  what  I  have  to  say 
by  calling  it  an  address,  as  I  prefer  to  follow  the  path  marked 
out  for  me  by  nature,  habit  and  inclination,  and  make  simply  a 
few  remarks,  and  these  from  the  fulness  of  my  heart.  I  could 
not  let  this  occasion  pass  without  thanking  you  for  the  great 
honor  in  nominating  me  to  represent  you  on  the  Board  of  Trus- 
tees, and  I  take  this  occasion  also  to  thank  the  Board  of  Trus- 
tees for  the  further  honor  in  selecting  me  to  fill  that  position. 
I  regret  to  say  that  I  have  only  been  able  to  attend  one  of  the 
meetings  of  the  Board,  and  also,  that  circumstances  were  such 
as  to  prevent  me  from  attending  the  last  annual  meeting  of  this 
society  and  reporting  to  you.  There  was  little  or  nothing  to 
report,  however,  beyonid  the  fact  that  the  affairs  of  the  Insti- 
tute were  in  good  shape. 

Your  selection  of  me  as  your  presiding  officer  at  this  time, 
I  take  it,  is  in  a  measure  a  recognition  of  the  distinction  which  I 
hold  of  being  one  of  the  earliest  of  Stevens  graduates,  and  also 
of  the  fact  that  it  is  just  twenty  years  since  I  had  the  pleasure 
of  presiding  over  the  the  initial  meeting  of  this  association. 
That  I  should  be  called  upon  again  to  that  position  at  a  time 
•when  the  association  numbers  nearly  five  hundred  members  is 
very  gratifying,  and  a  further  evidence  of  your  esteem  that  I 
am  deeply  sensible  of.  I  can  scarcely  realize  that  twenty  years 
have  passed  since  that  modest  gathering  in  the  old  lecture  hall, 
and  doubt  if  any  of  those  composing  that  gathering  had  for- 
mulated then  any  very  definite  ideas  as  to  the  true  functions  of  an 
alumni  association,  or  at  least  realized  what  was  to  be  the  out- 
come of  that  meeting.  Other  institutions  of  learning  had  their 
alumni  societies,  and  of  course  we  were  not  to  be  behind  them 
in  that  respect.  The  social  feature  of  the  occasion  naturally 
assumed  paramount  importance,  and  the  business  of  organiza- 
tion was  hurried  through  in  anticipation  of  the  dinner  to  follow. 
That  was  the  great  event,  and  is  still  a  very  pleasant  accom- 
paniment of  these  gatherings.  But  we  are  twenty  years  old  to- 
night; almost  of  age,  and  having  arrived  at  years  of  discretion, 
as  I  may  say,  it  behooves  us  to  consider  seriously  what  we  are 
here  for. 

The  Constitution  states  in  Article  II.  that  "the  object  of 
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this  association  shall  be  to  cultivate  such  social  relations  as 
shall  tend  to  foster  among  its  members  a  sentiment  of  regard 
for  one  another,  and  of  attachment  to  their  Alma  Mater,  and  to 
promote  in  everyway,  the  interests  of  the  Institute." 

If  I  had  the  writing  of  this  section  now,  I  do  not  know  that 
I  should  put  it  exactly  in  that  way.  I  have  always  supposed 
that  duty  came  before  pleasure,  and  think,  therefore,  that  the 
interests  of  the  Institute  should  take  precedence  of  sentimental 
regards.  I  do  not  wish  to  be  understood,  however,  as  suggest- 
ing any  change  in  the  phraseology  of  this  section.  It  answers 
the  purpose  very  well  as  it  is,  and  is  a  concise  statement  of  the 
objects  of  this  association. 

As  the  years  roll  by  the  social  ties  become  less  binding. 
We  miss  faces  that  used  to  be  familiar  to  us  on  these  occasions. 
Death  has  laid  his  grim  hand  upon  us,  but  sparingly  as  yet.  It 
is  distance  that  renders  it  impossible  for  a  large  majority  of  the 
members  to  attend  these  meetings,  and  while  it  may  be  very 
pleasant  to  make  new  acquaintances,  these  can  hardly  fill  the 
places  of  absent  comrades,  so  that  these  gatherings  may  have 
lost  a  certain  interest  to  some  of  the  older  members  that  they 
possessed  in  former  years.  Members  residing  within  easy  access 
of  the  Institute,  however,  will  scarcely  need  to  be  reminded 
that  they  owe  an  allegiance  to  their  Alma  Mater;  that  should 
prove  a  sufficient  lodestone  to  draw  them  here,  were  there  no 
other  sources  of  attraction. 

The  utility  of  this  society  is  whatever  the  members  choose 
to  make  it.  Per  se,  the  society  may  confer  no  direct  benefit 
upon  any  of  us  beyond  that  to  be  derived  by  the  comparison 
of  each  other's  experiences,  and  the  value  of  this  is  not  to  be 
underestimated  by  any  means;  but  with  a  membership  as  scat- 
ered  as  ours  must  always  be,  this  advantage  is  necessarily  con- 
fined to  those  who  are  so  favorably  situated  as  to  be  able  to 
attend  these  meetings  regularly,  and  for  this  reason  also  must 
devolve  upon  them  mainly  the  management  of  the  society. 
The  Indicator,  it  is  true,  serves  in  a  measure  as  a  means  of  dis- 
seminating these  experiences,  but  often  it  is  the  unprinted 
information  that  is  most  to  be  desired.  In  serving  the  interests 
of  our  Alma  Mater,  therefore,  the  society  perhaps  satisfies  our 
highest  ambitions. 
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With  this  purpose  in  view,  the  constitution  has  been  revised 
and  amended  on  several  occasions,  and  I  believe  the  society 
now  is  on  the  right  basis,  as  far  as  that  goes.  When  the 
Trustees  of  the  Institute  not  only  accorded  us  a  representation 
in  their  councils,  but  a  larger  representation  than  was  asked 
for,  and  the  Faculty  manifests  a  spirit  as  they  have  on  all 
occasions,  to  confer  freely  with  us  on  matters  affecting  the 
interests  of  Stevens,  it  certainly  should  be  an  incentive  to  each 
and  every  one  of  us  to  meet  them  in  a  similar  spirit,  and  put 
forth  our  best  endeavors  to  advance  those  interests  in  every 
possible  way. 

Those  of  you  in  the  turmoil  of  active  business  and  pro- 
fessional careers,  who  must  constantly  witness  the  struggles 
of  your  fellow  beings  to  better  their  condition,  can  well 
appreciate  the  advantages  of  the  training  you  have  received 
here,  and  it  is  well  that  you  should  pause  to  consider  how 
much  of  your  fortune  or  station  in  life  is  due  to  that  training. 

As 

You  gaze  on  the  cathedral. 

Whose  turrets  meet  the'sky ; 
Remember  the  foundations. 

That  in  earth  beneath  them  lie: 
For,  were  not  those  foundations 

Securely  resting  there. 
Yon  towers  up  could  never  soar 

So  proudly  in  the  air. 

It  may  be  that  these  foundations  could  have  been  laid  so 
as  to  harmonize  better  with  the  superstructures,  and  this  is  a 
matter  worthy  of  your  consideration.  The  superstructures 
themselves  no  doubt  are  very  interesting  in  their  various  de- 
signs, and  different  stages  of  construction  ;  some  complete, 
perhaps,  and  others  but  just  begun  ;  some  elaborate  edifices, 
and  others  but  modest  dwellings,  for  we  do  not  all  build  the 
same.  But  no  matter  what  the  superstructure  may  be,  the 
foundations  arealike,  and  on  that  plane  we  know  no  differences, 
no  distinctions.  On  that  plane  we  gather  here  this  evening  as 
children  about  a  common  parent,  undivided  by  factions  let  us 
hope,  with  one  object  in  view,  one  purpose,  and  one  aim — the 
welfare  of  our  Alma  Mater. 

It  is  a  good  thing  for  us  to  meet  here  once  or  twice  a  year, 
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if  possible,  to  look  upon  old  acquaintances,  and  to  greet  new 
ones.  It  is  a  very  good  thing  for  us  to  keep  in  close  touch 
with  our  Alma  Mater  at  all  times. 

There  are  some  here  this  evening  that  are  strangers  to  me. 
and  I  crave  your  indulgence,  therefore,  for  any  failure  in  recog- 
nizing members;  but  I  am  glad  to  see  so  many  present,  and  to 
note  many  familar  faces.  It  calls  to  mind  pleasant  memories 
of  days  gone  by.  I  am  reminded,  however,  by  the  remarks  of 
a  former  occupant  of  this  chair,  our  lamented  and  honored 
comrade,  Edward  B.  Wall,  that  it  is  with  prospectives  and  not 
retrospects  we  have  to  deal,  that  our  eyes  have  been  given  us 
to  look  ahead  and  not  behind  us.  I  shall  not  take  up  your 
time,  therefore,  with  reminiscences  of  by-gone  days,  but  would 
observe  that,  while  acknowledging  superior  obligations  to  my 
Alma  Mater,  I  am  not  one  to  believe  that  it  is  time  wasted  in 
living  over  again  the  old  days  when  we  were  undergraduates. 
The  cares  of  the  present  are  always  with  us,  and  the  future  is 
full  of  uncertainties,  so  that  I  say  let  us  have  our  under- 
graduate days  back  again,  but  let  us  have  them  with   the  in- 


formalities of  a  purely  social  gathering  ;  at  our  midwinten^K^r 
meetings,  for  instance,  which  I  am  glad  to  note  have  assumec^i-:^ 
this  character.  Those  of  vou  who  attended  the  meeting"  las~  .^=5t 
February  certainly  carried  away  impressions  of  a  very  enjoy  ^^-^'- 
able  occasion,  and  we  owe  a  vote  of  thanks  to  the  variour  .■'-i.is 
clubs,  professors  and  others,  who  entertained  us  so  nicely  therr":^  n, 
and  also  to  the  committee  who  provided  the  subsequencrM"  nt 
collation. 

It  is  most  germane   to    the   functions   of  your   presidin  -^"~Ji^ 
officer,  perhaps,  to  point  out  some  of  the  ways  and  meanr  ^ns, 
whereby  the  interests  of  the   Institute  may  be  advanced;  bt-^^"  ut 
there  are  others  here  who  are  much  more  capable  of  doing  th     ^^/s 
than  I  am,  and  you  will  pardon  me,  therefore,  I  know,  if  I  trea^^«(/ 
lightlyon  this  ground.  Theways  are  plain,  and  have  been  alrea( 
indicated  in  the  reports  of  officers  and  committees  (to  whi( 
you  have  just  listened).     It  is  the  means  that  are  needed. 

The  lack  of  space  and  appliances  for  accommodating  the  larj 
number  of  applicants    for   admission    to   the    Institute,  is  i^:lt 
quite  as  much  now  as  it  was  when  this  matter  w^as  first  broug//^ 
to  your  attention  three  years  ago,  at  which  time  a  fund  was 
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started  to  furnish  the  means  for  the  erection  of  a  new  chemical 
building  and  for  carrying  out  other  needed  improvements. 
The  lack  of  these  facilities  has  made  it  necessary  to  reject  a 
large  percentage  of  those  who  apply  for  admission  each  year, 
and  I  would  therefore  direct  your  attention  to  this  fund  as  a 
matter  of  primary  importance.  The  amount  thus  far  realized 
by  personal  subscriptions  of  the  Alumni  and  others,  and  from 
the  interest  on  the  bonds  which  President  Morton  presented  to 
the  trustees  in  1892,  the  custodian  of  the  fund,  Mr.  Riesen- 
berger,  informs  us,  is  about  gi  2,000.  These  bonds,  as  you  know, 
were  presented  as  a  further  endowment  of  the  chair  of  Engin- 
eering Practice,  with  the  understanding  that  the  interest  was  to 
be  applied  to  the  building  fund  in  question,  until  the  necessary 
amount  was  realized,  or  the  building  paid  for. 

When  we  consider  how  comparatively   short  a  time  the 
Institute  has  been  in  existence,  and  the  general  financial  de- 
pression that  has  prevailed  for  the  past  few  years,  I  think  the 
result  is  a  creditable  one.     But  the  amount  is  still  far  short  of 
what  is  required,  and  at  the  present  rate  of  increase — about 
Si, 500  a  year — it  would  be  many  years  before  the  full  amount 
of  850,000  is  realized.     The  necessity  for  such  a  fund  certainly 
speaks  well  for  the  present  management  of  the  Institute,  and 
if  means  can  be  employed  to  hasten  its  fruition  no  time  should 
be  lost  in  applying  them.     Wo  would  be  glad  to  entertain  sug- 
gestions on  this  matter  from  the  Faculty  or  any  of  the  mem- 
bers. 

As  far  as  the  curriculum  of  the  Institute  is  concerned,  I 
believe  this  has  been  kept  abreast  of  the  times,  and  can  hardly 
be  improved  upon.  It  appears  to  meet  all  the  requirements 
demanded  of  a  modern  engineer,  not  only  in  the  mechanical, 
but  in  the  adjoining  field  of  applied  electricity  also,  as  evidenced 
by  the  number  of  graduates  occupying  prominent  positions 
with  electrical  concerns. 

The    Beneficiary  and  Library  Funds,  I  believe,  are  serving  a 
good  purpose,  and  deserve  your  cordial  support. 

A  word  to  the  new  members — the  class  of  '95.  It  affords 
me  great  pleasure  to  welcome  you  among  us.  When  I  look 
over  the  Institute  catalogue  and  note  the  great  number  of 
responsible   positions  occupied  by  the  graduates  of  Stevens, 
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and  meet  them,  as  I  frequently  do,  in  my  travels,  I  take  much 
pride  in  the  fact  that  I  am  a  graduate  of  no  mean  institution, 
and  I  would  have  you  feel  that  it  is  a  good  thing  to  be  an 
alumnus  of  Stevens  ;  that  it  is  an  honor  to  be  a  member  of  this 
association.  Mr.  Wall  in  his  address  very  aptly  likened  the 
diflFerent  classes  to  so  many  concentric  rings  emanating  from  a 
common  center.  May  the  ring  of  '95  be  a  resonant  one.  and 
add  fresh  luster  to  the  name  and  fame  of  Stevens.  You  may 
come  and  I  may  go,  but  the  Stevens  Institute,  like  the  brook, 
goes  on  forever,  and  the  question  that  concerns  you  and  each 
one  of  us  is,  shall  it  continue  as  a  brook,  or  shall  it  widen  into  the 
proportions  of  a  river,  merging  finally  into  something  larger  ? 
Whatever  the  destiny  of  Stevens,  and  that  its  destiny  must 
be  a  great  one  goes  without  saying,  it  carries  with  it,  beside 
that  of  Edwin  A.Stevens,  the  name  of  Henry  Morton.  He  can 
say  truly,  as  Sir  Christopher  Wren  did,  when  asked  where  his 
inscription  appeared  on  the  walls  of  St.  Paul's  Cathedral.  Lon- 
don, '*  If  you  seek  my  monument,  look  about  you."  If  yoi 
seek  his  monument,  look  about  you.  The  equipment  of  the 
machine  shop  and  physical  laboratory,  and  the  endowment  o 
the  chair  of  Engineering  Practice  alone  would  be  sufficient  t« 
perpetuate  his  name  in  grateful  remembrance,  were  ther  -^ 
nothing  further  contemplated  on  his  part.  Let  us  hope  thF^t 
he  and  we  may  live  to  see  that  other  monument.  But  whethc^r 
we  do  or  not,  it  is  sure  to  come  sooner  or  later,  and  whatev^^r 
inscription  may  be  graven  thereon,  the  impress  of  Henry  Mc»»'  r- 
ton  will  be  distinct. 

Mr.  Graydon,  as  managing  editor  of  the  Indicator,  mt— e- 
questcd  an  expression  of  opinion  as  to  the  utility  of  the  Ind  '^x 
of  Current  tLnginecring  Literature,  which  had  been  commencr  ^d 
as  an  experiment  in  the  January  issue. 

After  statements  by  several  members  that  they  had  foiM>  nd 
the  index  useful,  and  by  others  that  such  an  index  cannot      ^e 
made  as  complete  in  the  Indicator   as  similar  indexes  now 
available  in  some  of  the  scientific  journals,  it  was  on  mot/o/? 
duly  seconded,  resolved  that  the  expense  involved  does  not  war- 
rant the  continuance  of  the  index,  and  that  it  be  discontinued. 

Mr.  Flack,  for  the  P^xecutive  Committee,  reported  the  re- 
sult of  the  balloting  for  oflficers  of  the  association  as  follows: 
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Votes. 
President H.  DeB.  Parsons,  '84 99 

A.  W.  Stahl,  '76 61 

First  Vicc-Pres J.  W.  Leib,  Jr/80 79 

A.  W.  Burchard,  '85 79 

Second  Vice7Pres . .  .R.  C.  Oliphant,  '89 95 

VV.  S.  Ackerman,  '91 65 

Corresp*d'g  Sec  . .   .  Ph.   E.  Raque,  '76 149 

W.  E.  Parsons,  '87 , 24 

Recording  Sec J.  Day  Flack,  '87 127 

D.  H.  Gildersleeve,  '89 34 

Treasurer W.  H.  Bristol,  '84 146 

G.  Henning,  '76 26 

Directors A.  Riesenberger,  '76 in 

Kenneth  Torrence,  '84 90 

A.S.Miller,  *88 51 

F.  C.  Jones,  '78 35 

E.  P.  Mowton,  *86 30 

Alumni  Trustee. . .  .G.  M.  Bond,  '80 72 

E.  B.  Renwick, '84 18 

W.  VV.  Dashiell,  '79 17 

E.  A.  Uehling,  'jy 16 

E.  P.  Roberts,  ^yj 13 

E.  L.  Wiles,  76 9 


Mr.  Flack  stated  that  the  tie  vote  between  Mr.  Lieb  and 
Burchard  had  been  decided  in  favor  of  Mr.  Lieb  by  toss- 
a.  coin.     He  then  announced  that  the  following  officers  had 
^^H  elected  for  the  ensuing  year  : 

President H.  De  B.  Parsons. 

First  Vice-President J.  W.  Lieb,  Jr. 

Second  Vice-President R.  C.  Oliphant. 

Corresponding  Secretary Ph.  E.  Raque. 

Recording  Secretary J.  Day  Flack. 

Treasurer .'  .W.  H.  Bristol. 

,r^.      ,  (A.  Riesenberger. 

Directors \  ^^  .   ^ 

(  Kenneth  lorrence. 

Alumni  Trustee G.  M.  Bond. 


Mr. 

1 


338  Annual  Meeting  of  Alumni  Association, 

Dr.  Morton  was  then  heard  with  lively  interest..  He  stated 
that  the  trustees  had  authorized  the  carrying  out  of  a  plan  to 
provide  a  few  lectures  to  the  senior  class  on  patent  law,  suffi- 
cient to  guide  them  in  important  principles  and  guard  them 
from  the  costly  errors  which  experience  has  shown  ignorance 
of  such  fundamental  principles  too  frequently  entails;  also  to 
provide  a  brief  course  of  instruction  by  lecture  on  shop  accounts. 
Not  that  it  is  aimed  to  train  students  for  patent  lawyers  or  ex- 
pert accountants,  but  to  crystallize  their  notions  on  these  im- 
portant subjects,  about  correct  and  fundamental  principles. 

The  growth  of  the  Building  Fund  is  not  at  all  dishearten- 
ing to  contemplate;  and,  as  the  change  in  the  business  condi- 
tions of  the  country  is  ushering  in  a  sense  of  relief  and  encour- 
agement, it  is  probable  that  ere  many  months  plans  in  mind  for 
a  second  substantial  start  toward  the  aim  of  this  fund  will  take 
tangible  shape. 

The  action  of  the  Sophomore  class  in  substituting  for  the 
noisy  demonstration  of  former  occasions  of  Cremation  of  Cal- 
culus, the  entertaining  and  meritorious  display  enjoyed  by  those 
who  witnessed  the  Electrocution  of  Calculus,  as  presented  this 
week  by  the  class  of  '97,  is  another  step  in  advance  originating 
within  Stevens,  one  which  the  participants  and  all  friends  of 
Stevens  may  well  take  pride  in. 

He  told,  laughingly,  how  the  result  of  his  investigations 
into  the  recent  little  occurrence  which  had  so  extensively  ad- 
vertised the  class  of  '98  in  the  newspapers,  had  suggested  the  pos- 
sibility that'the  members  of  that  class  had  heard  that  it  was  ru- 
mored that  some  one  was  going  to  meet  the  young  men  who  were 
expected  to  present  themselves  for  entrance  examinations  on  a 
certain  day  and  have  a  little  fun  at  their  expense.  That  there- 
upon the  members  of  this  class,  each  for  himself,  individually, 
and  without  preconcerted  agreement  or  arrangement,  deter- 
mined to  bQ  on  hand  and  see  to  it  that  nothing  boisterous  or 
unruly  be  done,  or  any  dubious  welcome  be  extended  to  the  in- 
coming strangers.  If  such  were  the  motive  it  was  unfortunately 
forgotten,  and  in  consequence  some  there  were  that  suffered. 

Dr.  Morton,  referring  to  the  decision  of  the  Executive  Com* 
mittee  arrived  at  by  tossing  a  coin  to  determine  which  of  ^^^ 
candidates  receiving  an  equal   number  of  votes  should  be  oc- 
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<lared  elected,  said  this  was  an  added  cause  to  the  many  he  felt 
for  great  pride  in  the  achievements  of  Stevens  Alumni.  Had 
the  justices  of  the  Supreme  Court  enjoyed  a  like  broad  yet 
practical  education,  they  would  possibly  have  availed  them- 
selves of  the  same  method  of  reaching  a  decision  on  the  income- 
tax  question,  and  not  have  occupied  the  ignominious  position 
which  gave  rise  to  the  opinion  that  the  Supreme  Court  of  the 
United  States  does  not  know  its  own  mind. 

But   in  all  earnestness,   would   he  express  the  feeling  of 

pride  arising  from  the  character  and  rank  of  the  Indicator, 

favorable  notice  of  the  articles  in  which  had  reached  him  from 

Mr.   Dredge,  editor  of   London   Engineering,  and  from   other 

sources.     The  April  number  was  one  of  which  the  Alumni  may 

:f<eel   proud;  even  the  character  of  the  advertisements  is  note- 

orthy  as  coming,  with  very  rare  exceptions,  from  representa- 

i-ve  engineering  concerns. 

Mr.  Kent  w^s  called  on  and  responded  briefly,  after  which 
motion  to  adjourn  was  carried. 
The  following  were  present : 


K 


« 


President  Henry  Morton, 

Professor  Charles  F.  Kroeh, 
"         William  E.  Geyer, 

Asst.  Prof.  Adam  Riesenberger, 
William  H.  Bristol, 
D.  S.  Jacobus, 
Samuel  D.  Graydon, 
"         Robert  M.  Anderson, 

William  Hewitt,  *74, 

James  M.  Cremer,  '76, 

Gustavus  C.  Henning,  '76, 

William  Kent,  '7^, 

Frank  E.  Idell.  '77, 

Edward  A.  Uehling,  '77, 

Arthur  A.  De  Bonneville,  '78, 

John  W.  Lieb,  Jr.,  'So, 

Durand  Woodman,  '80, 

Alexander  C.  Humphreys,  '81, 

Joseph  Wetzler,  '82, 

George  L.  Roberts,  '84, 

Rollin  Norris,  '85,  • 

William  N.  Stevens,  '85, 

Charles  R.  Collins,  *86, 


John  S.  De  Hart,  Jr.,  'go, 
William  Ebsen,  '90, 
W.  F.  Lawrence,  '90, 
Benjamin  W.  Carll,  91, 
Alfred  J.  Dixon,  '91, 
Harold  B.  Atkins,  '92. 
Frederick  Gardiner,  '92, 
August  R.  Hake,  '92, 
Frank  E.  Law,  '9^2, 
Herman  Lowenherz,  92, 
William  O.  Ludlow,  92, 
Louis  F.  Waefelaer,  Jr.,  '92, 
Harry  H.  Adams,  93, 
O.  G.  Dale,  93, 
F.  D.  Furman,  '93, 
E.  D.  Lewis,  '93, 
A.  B.  Lord,  '93, 
Anson  G.  Wilbor,  93, 
George  W.  Colles,  '94, 
Edward  Gnade,  94, 
C.  C.  Kenyon,  '94, 
C.  W.  MacCord,  Jr.,  '94, 
E.  D.  Mathey,  '94, 
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J.  H.  Cuntz,  '87, 
J.  Day  Flack,  '87, 
Eugene  H.  Kiernan,  '87, 
William  E.  Schoenborn,  '87, 
Henry  A.  Bang,  '88, 
Gordon  Campbell,  *88, 
George  Dinkel,  Jr.,  *88, 
Paul  Doty,  '88, 
Alten  S.  Miller,  '88, 
Fritz  Uhlenhaut,  Jr.,  '88, 
Henry  L.  Ebsen,  '8g, 
William  D.  Hoxie,  '89, 
Robert  C.  Oliphant,  '89, 
Shirk  Boyer,  '90, 


R.  W.  Smith,  '94, 
Willard  Brown,  '95, 
Austin  Church,  '95, 
C.  T.  Church,  '95, 
Albert  F.  Ganz,  '95, 
C.  A.  Greenidge,  '95, 
R.  E.  Hall,  '95. 
E.  Hutchinson,  '95, 
Edmund  Kemble,  '95, 
Howard  H.  Maxfield,f95, 
E.  W.  Robinson,  '95, 
E.  J.  Slipper,  '95, 
Frederick  W.  Walker,795, 
H.  C.  Zimmermann,  '95. 


0bftuari?. 


JOHANN  M.  HANSEN,  '91. 

The  members  of  the  Class  of  *qi,  the  Alumni  and  the 
Faculty,  will  regret  to  learn  of  the  death  of  Johann  M.  Han- 
sen, which  occurred  on  July  23,  at  the  Catskill  Mountains, 
after  a  lingering  illness,  of  consumption. 

Johann  M.  Hansen  was  born  in  Svendborg,  Denmark,  on 
February  22,  1870,  being  the  youngest  son  of  Johann  M.  L.  and 
Johanne  Catherine  Hansen.  He  attended  the  Svendborg  High 
School  until  1881,  when,  upon  the  removal  of  his  family  to 
Copenhagen,  he  entered  the  Copenhagen  Lyceum,  from  which 
he  graduated  with  highest  honors,  prepared  to  enter  the  Uni- 
versity at  Copenhagen.  Subsequently  the  family  moved  to 
America;  and,  instead  of  attending  the  University  at  Copen- 
hagen, he  entered  Stevens  Institute  in  the  sophomore  year  of 
the  Class  of  '91,  and  graduated  in  June,  189 1. 

He  was  a  student  of  more  than  ordinary  ambition,  having 
devoted  himself  in  his  earlier  career  to  astronomy  and  mathe- 
matics, and  later  took  up  the  more  practical  professions  of 
general  engineering.  He  graduated  with  high  honors,  and 
devoting  himself  to  the  study  of  water-gas  production,  was 
employed  by  the  United  Gas  Improvement  Company,  of  Phila- 
delphia, superintending  the  erection  of  eight  gas  plants  in 
various  sections  of  this  country.  Mr.  Hansen  received  the 
Priestly  prize  for  his  proficiency  in  chemistry  during  the  soph- 
omore year,  and  this  knowledge  of  chemistry  made  him  of  in- 
valuable service  to  his  company,  the  United  Gas  Improvement 
Company,  of  Philadelphia,  as  an  expert  in  this  class  of  work, 
leing  a  good  gas  chemist  and  photometrician  and  expert  gas 
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maker.  He  was  a  young  man  of  highest  promise  and  endeared 
himself  to  all  with  whom  he  came  in  contact,  and  was  popular 
among  his  associates,  who  admired  him  for  his  honesty  of  pur- 
pose and  simplicity  of  character.  His  gentle  manner  and  kind- 
ness made  him  one  of  the  popular  students  in  his  class,  and 
many  tears  were  shed  when  his  sudden  death  became  known. 

Had  Mr.  Hansen  been  spared  he  would  have  been  a  great 
credit  to  the  Institute  and  to  the  profession  he  chose  to  follow. 
He  was  buried  in  the  Hoboken  cemetery,  the  funeral  ser- 
vices at  his  home  being  after  the  rites  of  the  Danish  Lutheran 
Church.  At  his  grave  fitting  remarks  were  made  by  L.  E.  El- 
son, '91,  one  of  his  classmates.  The  funeral  was  very  impres- 
sive, his  aged  parents  being  present,  as  well  as  his  attentive  sis- 
ters, who  had  devoted  themselves  to  nursing  him  during  his 
long  illness.  His  inborn  love  of  the  Fatherland  made  itself 
manifest  by  his  request  to  be  encoffined  in  zinc,  so  as  to  allow  of 
the  removal  of  his  remains  to  Sweden,  in  the  event  of  his  family 
returning  there. 


JOHN  HEBER  MURRAY,  '92. 

John  Heber  Murray  was  born  at  Milton,  Pa.,  June  24,  186 
In  1884  he  entered  the  Preparatory  School  of  Dickinson  Co 
lege,  Carlisle,  Pa.,  and  in  1885  the  freshman  class  of  that  college  ^, 
from  which  he  was  graduated  in  1889.  In  1889  he  entered  fVie 
sophomore  class  of  Stevens  Institute  and  was  graduated  in  iSc^3. 
In  the  same  year  Dickinson  College  conferred  upon  him  the 
degree  of  A.  M.,  in  course. 

lie  was  married  to  Margaret  Bosler,  of  Carlisle,  Dec-  23, 
1890,  by  whom  he  had  one  son,  Samuel  Wilson  Murray,    J^' 
born  Oct.  17,  1893.     -^^  the  time  of  his  graduation  from  Steve/is 
Institute  his  health  was  impaired;  and,  during  the  summer,  "^ 
company  with  his  wife  and  father,  he  made  a  short  trip  to  Bu- 
rope,  from  which  he  returned  apparently  restored.     In  the  i^t- 
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ter  part  of  the  year  1892  he  accepted  a  position  in  the  engineers *^ 
office  of  the  N.  Y.,  N.  H.  &  H.  R.  R..  which  he  was  compelled 
to  resign  in  the  following  spring,  owing  to  an  affection  of  the 
eyes.  During  the  summer  of  1894  he  was  employed  by  his 
father  at  Milton,  and,  although  able  to  attend  to  his  duties,  it 
was  evident  that  he  was  not  in  the  enjoyment  of  his  previous 
health  and  vigor.  In  September,  on  his  return  to  Carlisle, 
where  his  family  was  then  living,  he  was  taken  down  with  what 
was  supposed  to  be  malarial  fever,  but  which  developed  into 
tubercular  consumption.  In  the  month  of  April,  1895,  accom- 
panied by  his  physician  and  his  father,  he  took  a  trip  to  the 
South,  hoping  that  the  change  to  a  warmer  climate  might  prove 
beneficial.  After  spending  a  few  weeks  at  St.  Augustine,  Flor- 
ida, and  Summerville,  S.  C,  he  returned  to  Carlisle  without  any 
improvement  in  health.  From  this  time  he  failed  rapidly  and 
died  at  Carlisle  June  18,  1895,  his  wife  and  son  surviving  him. 
His  remains  were  taken  to  Milton  for  burial. 


ATHLETICS. 

Lacrosse. 

At  the  beginning  of  the  season  now  finished,  the  hopes  of 
the  supporters  of  Stevens  ran  hi^h.  Stevens  had  won  the  In- 
tercollegiate Lacrosse  Championship  the  year  before.  Could 
she  retain  it  this  year?  We  thought  so.  But  we  were  destined 
to  disappointment.  This  year  we  hang  no  new  banner  on  our 
library's  walls.  The  championship  has  gone  to  the  men  from 
Bethlehem,  and  the  banner  now  graces  the  walls  of  Lehigh. 
No  blame  can  be  attached  to  the  men  who  represented  Stevens. 
They  worked  hard  and  faithfully,  and  succumbed  only  to  fate 
and  *'  Stevens*  luck." 

The  games  played  were  as  follows: 

April  19,  at  Berkeley  Oval;  Stevens  I,  N.  Y.  U.,  5 


4( 


May 


24,  *' 

Hoboken; 

I,  Crescent  A.  C,  i 

30,  •* 

n 

9,  C.  C,  N.  Y.,  I 

4,  *• 

Manhattan  Fie 

Id; 

3,  Harvard,  2 

8,  •• 

Hoboken; 

8.  C.  C.  N.  Y,.  0 

II.  •* 

Baltimore; 

3,  Johns  Hopkins,  6 

14.  *' 

Hoboken; 

3,  Cornell,  2 

25.  " 

i« 

I,  Lehigh,  6 

30,  " 

Bergen  Point; 

I,  Crescent  A.  C,  4 

Stkvkns  7's.  Nkw  York  Univkrsitv.  -The  lacrosse  season 
was  opened  by  a  game  with  New  York  University  at  Berkeley 
Oval.  The  score  was  against  Stevens,  but  any  other  result  could 
hardly  have  been  expected.  Six  men  of  our  team  were  play- 
ing their  first  game,  while  the  N.  Y.  U.  team  was  composed  of 
veterans.  In  fact,  but  three  of  them  were  bona  fide  students  or 
N.  Y.  U.,  the  rest  being  old  players  from  theN.  Y.  A.  and 
Manhattan  teams,  together  with  three  or  four  Canadian  pl^)' 
ers.  In  the  first  half  of  the  game  the  play  of  Stevens  was  ver>' 
ragged,  but  in  the  second  half  they  pulled  themselves  together 
and  played  very  creditably. 

It  was  difficult  to  get  the  names  of  the  N.  Y.  U.  team;  but, 
thanks  to  a  revision  by  an  expert  lacrosse  man  present,  a  fe^* 
correct  names  were  obtained. 
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X.  Y.  U.  rOSITIOXS.  STEVKNS. 

F.  A.  Sutorious Goal Willett,  '96 

Grant,  alias  Hollner Point Corbett,  '95 

Page,   alias  Pape C.  Point Whitman,  '96 

De  Casenover ist  Defense Maxfield,  '95 

Franklin,  alias  Mansfield.  .2d        **         Hunter,  '97 

Nelson 3d       '*         Kennedy,  '96 

Davis Centre Bruen,  '97 

Hrirkin 3d  attack Christy,  '97 

Kelly,  alias  McAlpie 2d      *'       Bruckner,  '96 

P.   F.  Sutorious ist     "       Jennings,  '96 

Greenbaum Outside  Home Scott,  '98 

Whiting Inside  **       . .  Weichert,  '97 

Referee — F.  J.  Adams. 

IT  <  C.  Steinhart,  Columbia. 

Umpires —  -  tvt  »  \i  s^*. 

'  (  Messimer,  96,  Stevens. 

2  thirtv-minute  halves. 

Goals—  4  for  P.  Y .  Sutorious. 

I  for  Whiting. 

I  for  Scott. 
Score-  5 — I  in  favor  of  N.  Y.  U, 

Stevens  vs.  Crescents. —  Stevens  this  year  played  two 
games  with  the  Crescent  A.  C,  the  second  game  of  the  season 
and  the  last.  In  the  first  game  the  work  of  Stevens'  team  was 
very  creditable.  They  played  hard  and  fast,  and  showed  con- 
siderable skill  in  passing  and  body  checking.  The  score,  as 
against  the  veteran  team  of  the  Crescents,  was  better  than  had 
been  expected.  In  the  second  game  Stevens  played  a  team  al- 
most half  of  whom  were  substitutes,  and,  ow^ng  to  the  tremen 
dous  heat  of  the  day,  their  playing  was  slow  and  spiritless. 

Stevens  vs.  C.  C.  N.  Y. — The  two  games  which  we  played 
'with  C.  C.  N.  Y.  cannot  be  considered  other  than  practice 
games.  In  each  game,  many  members  of  the  second  team 
^ere  given  a  trial,  and  Stevens  was  not  once  obliged  to  make 
sny  real  effort  to  win. 

Stevens  vs.  Harv.ard.-  In  the  game  with  Harvard,  an  ex- 
periment was  tried  by  Stevens,  and  it  is  to  be  regretted  by  every 
supporter  of  Stevens  and  lover  of  lacrosse,  that  the  experiment 
'U'as  not  successful.  Despite  the  faithful  work  of  the  manage- 
ment, the  attendance  w^as  very  poor,  and  the  receipts  fell  short 
by  a  considerable  amount  of  meeting  the  expenses  connected 
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with  the  hiring  of  Manhattan  Field.  Otherwise  than  finan- 
cially, the  game  was  all  that  could  have  been  desired.  Though 
small,  the  attendance  was  enthusiastic,  and  the  fine  work  of  the 
players  well  merited  their  applause.  In  the  first  half  of  the 
game,  the  team  work  of  Harvard  was  noticeably  superior  to  that 
of  Stevens,  but  Stevens*  strong  defense,  and  the  fine  stick 
handling  of  the  whole  team,  overcame,  to  a  great  degree,  this 
advantage.  At  the  end  of  this  half,  the  score  stood  2—  i  in 
Harvard's  favor,  one  of  their  goals  having  been  accidentally 
thrown  by  Maxfield. 

In  the  second  half,  Stevens  played  their  hardest,  and  Har- 
vard tried  in  vain  to  score,  but  our  defense  resisted  all  their 
efforts,  and  the  ball  remained  most  of  the  time  in  Harvard's 
territory. 

The  teams  lined  up  as  follows: 

STEVENS.  POSITIONS.  HARVARD. 

Decker Goal Sand 

Willett Point Woods 

Corbett Cover  Point Scott 

Maxfield ist    Defense Leighton 

Whitman 2d  "        Morrison 

Hunter 3d  **         F.  Outerbridge 

Brune Centre , Horn 

Kennedy 3d  Attack Curtis 

Christy 2d       "       Arnold 

Jennings 1st      '*       Ames 

Scott Outside  H Beecher 

Walker Inside  H Burley 

The  umpires  were  S.  Outerbridge  (H.)    and  H.  Messim  ^ 
'96  (S.),  and  the  referee  H.  Nelson. 

Stevens    vs,   Cornell. — On   Tuesday,   May    14,  Stever/75 
played  Cornell  on  grounds  soaked  with  rain,  and  so  slippery  bs 
to  make  sprinting  and  dodging  almost  impossible.   As  some  oi 
the  regular  men  were  unable  to  play  in  good  form,  owing  to  the 
Johns   Hopkins   game,  Sofio,  Buckley,  L.  Hardie,  and  Hunter 
were  substituted.     In  this  game  the  Stevens  attack  played  well, 
and  only  the  fine  stopping  of  P'indlay  and  Cameron  prevented 
their  score  from  oeing  much  larger. 

The  line-up  was  as  follows  : 
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STEVENS.  POSITIONS.  CORNELL. 

Sofio Goal Findlay 

Buckley Point Cameron 

Corbett  (Capt. ) C.  Point Downey  (Capt. ) 

Maxfield ist  Defense Lyle 

Hardie  (L.) 2d        '*        Osborne 

Hunter 3d         "        Kendall  . 

Jennings Centre Swindells 

Kennedy  ( J. ) 3d  Attack Frenshaw 

Christy 2l\      **       Strong 

Bruckner ist      *'       Purman 

Whitman I nside  Home Powell 

Scott Outside  Home Chambers 

Referee — J.  H.  Cuntz.  '87. 

Umpires — N.  Brunc,  '97  ;    D.  Barnum,  '95. 

Goals — Stevens  :  Jennings,  Maxfield,  and  Scott. 

Cornell  :    Purman  and  Chambers. 

Stevens  vs,  Hopkins. — For  some  unexplained  reason  the 
whole  Stevens  team  appeared  in  this  game  to  be  utterly  demoral- 
ized. The  play  of  the  attack,  in  particular,  was  completely  devoid 
of  sense.  Though  they  had  the  ball  the  greater  part  of  the  time, 
they  did  nothing  but  pass  it  from  one  to  another.  When  a  man 
did  shoot,  it  was  usually  from  a  situation  which  rendered  suc- 
cess almost  impossible,  although  there  were  other  men  at  the 
same  time,  uncovered  and  in  good  position.  The  defense  put 
up  a  fairly  good  game,  but  their  play  at  times  showed  signs  of 
the  general  demoralization.  No  defense  can  prevent  scoring, 
or  win  a  game,  without  support  from  the  attack. 

The  teams  lined  up  as  follows  : 

STEVENS.  positions.  HOPKINS. 

Decker Goal Mitchell 

Willett Point Cone 

Corbett Cover-point Dawson 

Maxfield  ist  Defense Crenshaw 

Whitman 2d         *'        Stevens 

Kennedy 3d         "       Lupton 

Christy Centre Janney 

Jewell 3d  Attack Shaw- 
Bruckner  2d       "        Kennard 

Jennings    ist      "       Cameron 

Scott Outside  Home Hodges 

Walker Inside  **       Hill 

Umpires — Brantz  Rozel  and  W.  E.  Mallaljeu. 
Referee — Henry  Penniman. 


] 
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The  ball  was  faced  at  about  3.45,  and  Hopkins  started  the 
scoring  in  very  short  order.  Janney  won  the  face  and,  dodg- 
ing Christy  and  Kennedy,  made  a  hard  drive  at  goal,  which 
was  cleverly  stopped  by  Decker  ;  but,  the  ball  bounding  out 
of  line  reach,  Cameron  shinnied  it  through  in  about  fifteen  sec- 
onds after  play  began.  It  took  about  ten  minutes  for  Stevens 
to  even  up  matters,  the  ball  being  in  the  attack  most  of  the 
time  ;  but  good  work  by  Mitchell  and  Cone  prevented  scoring 
until  Bruckner  dodged  his  way  into  a  clear  opening  and  scored 
from  a  hard  drive.  The  ball  was  passed  up  and  down  the  field 
a  great  many  times  before  Scott  scored  Stevens'  second  goal, 
batting  it  through  in  a  scrimmage.  At  this  part  of  the  game 
Stevens  was  .outplaying  Hopkins  at  ail  points,  and  victory 
looked  certain.  Perhaps  it  was  this  that,  eight  minutes  later^ 
caused  the  Stevens  centre  men  to  calmly  look  on  while  Janne>^" 
ran  way  in  from  the  centre  of  the  field  and  threw  Hopkins  '^ 
second  goal.  The  ball  should  have  been  stopped  easily,  bu" 
wasn't. 

About  five  minutes  before  time  was  called,  Cameron  n 
ceived  the  ball    on  a    pass  from    Stevens,  and  shot  the   ba        11 
about  a  foot  over  the  top  of  the  posts.     The  goal  was  allowed 
however. 

Seven  minutes  had  elapsed   during  the  second  half  wh( 
Janney  scored  again  for  Hopkins,  after  repeated  and  fruitle 
efforts   on   the   part   of  the  Stevens   attack  to  pass    the   b= 
through  Mitchell,  Cone,  or  Dawson.     Janney  scored  again 
three  minutes.      The  ball  from  now  on  was  almost  entirely 
the  Stevens  attack,  the  defense  again  and  again  feeding  t 
ball  into  attack,  only  to  see  it  passed  from  one  mantoanoth 
every  one  seeming  desirous  to  have  every  one  else  shoot 
goals,  and  finally  returned  by  long  throws  by  Cone,  or  Mitch  ^^W. 
Finally,  about  ten  minutes  before  time  was  called,  Decker     re- 
ceived the  ball  square  in   the  eye  from   a   hard  drive  at  gc>/i/. 
Willett  took  his  place,  and,  shortly  after,  Stevens  scored  tbe/r 
final  goal   from  a  long  run  and  throw  by  Christy.      Hopki/25 
scored  immediately  after  from  a  shot  by  Hodges,  Willett  be/n^ 
out  of  the  goal.     Hopkins,  6;    Stevens,  3. 

The  game  was  played  under  protest,  as  Manager  Ball  had 
obtained  the  signature  of  the  Registrar  of  the  University  to  the 
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effect  that  neither  Cone  nor  Crenshaw  was  a  student  at  the 
University.    As  a  matter  of  fact  they  are  both  instructors. 

Stevens  vs.  Lehigh. — The  final  game  of  the  championship 
scfties  was  played  on  Saturday,  May  25,  at  the  St.  George 
Cricket  Grounds.  Lehigh  displayed  winning  form,  and,  from 
the  start,  Stevens  had  little  chance  of  victory.  However,  con- 
sidering that  they  were  handicapped  by  the  absence,  on  ac- 
count of  sickness,  of  three  of  last  year's  champions,  Stevens 
put  up  a  plucky  game.  Had  the  entire  regular  team  been  able 
to  play,  the  game  would  have  been  made  much  more  interest- 
ing, though  the  final  result  might  not  have  been  changed. 

The  best  playing  for  Stevens  was  by  Corbett,  who  excelled 
anyone  on  the  field,  Willett  and  Scott,  while  the  Lehigh  men 
who  excelled  the  rest  were  Bastress.  in  goal,  Baldwin,  Kip,  and 
Murray. 

The  tjanis  lined  up  as  follows  : 

LEHIGH    (6).  POSITIONS.  STKVENS(l). 

Bastress Goal Decker 

Fitzgerald Point Willett 

Murray Centre  Point Corbett  ( Capt. ) 

Dick  (Capt. ) ist  Defense Buckley 

Enscoe 2d         *'  Hardie 

MacDonald 3d         "  Kennedy 

Kip Centre Jennings 

Massey 3d  Attack Jewell 

Coleman 2d       '*  Christy 

Bartles 1st      *'         Scott 

Baldwin Home Hutchins 

Sharrer Inside  Home Walker 

RefereeMr.  Kingslcy  Martin,  '92. 

IT       .        S  Messimer,  S.,  '06. 
Umpires  |  ^^^^^        ^'  .^ 

^     ,      S  Scott  (i),   Massey  (i),  Baldwin  (3),  Sharrer  (i;, 
^^^*^   \      Coleman  (i). 

FIRST    HALF. 

The  ball  was  faced  at  3.45  p.  m.,  when  Stevens  carried  it 
quickly  toward  Lehigh  goal.  Some  snappy  work  followed  in 
Stevens*  attack  ;  Scott  shot  well  twice  in  rapid  succession,  but 
failed  to  score,  owing  to  fine  stops  by  Bastress.  The  ball  sud- 
denly went  to  Lehigh's  attack  ;  Bartles*  shot  was  checked,  but 
Massey  scraped  it  through  after  just  five  minutes*  play. 
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On  next  face-off  ^the  playing  on  both  sides  was  hard,  and 
the  ball  never  remained  in  either  attack  for  any  length  of  time, 
traveling  always  back  and  forth.  Scott  dodged  well,  and  shot, 
but  was  checked.  Then  Baldwin  got  the  sphere  for  a  shot ;  the 
ball,  being  stopped  by  Decker,  fell  in  a  scrimmage  from  which 
it  was  put  through,  giving  Lehigh  their  second  point. 

Stevens  braced  up  a  little  at  this  point,  and  made  several 
attempts  at  goals,  all  of  which  failed  to  score,  on  account  of 
excellent  stops  by  Bastress.  Corbett  saved  two  goals  by  his 
clean  catching,  while  Willett  stood  well  by  him  at  times  when 
the  goal  was  hard  pressed.  After  forty  minutes  Kip  rounded 
the  centre,  tipped  well  to  Sharrer,  who  shot  while  Coleman 
checked  sticks  with  Decker,  making  a  clean  goal  five  minutes 
before  the  end  of  first  half.  Before  the  whistle  blew,  Jennings 
and  Scott  each  had  another  try  at  the  goal.     Score,  o — 3. 

SECOND   HALF. 

The  second  half  was  begun  with  snap  and  vigor,  and  Ste- 
vens' attack  for  a  time  pressed  Lehigh  hard.     Hardie  brought 
the  ball  down  to  Scott,  who  shot.     This  shot  was  stopped,  but 
a  minute  later  he  had  the  ball  again  and  scored  a  point  for 
Stevens,  which  latter  proved   to  be  our  only  one.      When  the 
ball  a^ain  got  in  motion,  Jennings  and  Scott  worked  well  to- 
gether, one  time  making  what  looked  very  much   like  a  goal, 
but  through  lack  of  system  in  attack  they  soon  tired,  and  be- 
fore ten  minutes  Baldwin  had  begun  to  raise  Lehigh's  score  by 
a   driving,    well-placed    shot.      Score,    I — 4.      On    facing   off, 
Decker  twice  saved  goal  from  Kip,  and  Corbett,  being  body* 
checked,  had  his  knee  hurt.     This  delayed  the  game  five  min — 
utes,  but  he  bravely  resumed  his  position.     After  Christy  mad^r: 
an  unsuccessful  try  at  goal,  although  a  good  shot,  Coleman  go*:^ 
the  ball,  and,  by  checking  sticks,  Lehigh  scored  her  fifth  goaL  - 
Lehigh  succeeded  in  making  one  more  point  by  a  shot  fronn 
Baldwin's    stick,    while    Stevens'    attack    played    desperately 
around  their  goal  posts. 


FIELD  DAY. 

The  field  games  this  year  suffered  lamentably  from  lack  of 
management.'  A  goodly  number  of  contestants  appeared  in 
«ach  event,  and,  if  those  in  charge  had  shown  a  proper  interest, 
the  games  would  have  been  highly  successful.  As  it  was,  they 
^ere  runoff  so  slowly  that  a  whole  afternoon  was  spent  without 
completing  them,  and  after  being  twice  postponed  the  remainder 
Avere  left  unfinished.  One  record  was  broken  by  Jennings,  '96, 
ivho  threw  the  baseball  349.8  ft.  A  few  days  after  the  games. 
Bang,  '98,  who  had  been  unable  to  attend  them,  tried  for  the 
Institute  record  for  the  hammer  throw,  and  broke  it  with  a 
throw  of  79  ft. 

Following  are  the  results  of  the  games: 

(  Jennings,  '96.  v  Kidde,  '97. 

100  yards  dash j  McLain,   '98.      Half  mile  run ^  McLain,  '98. 

i  Frank,  '98.  (  Christy,  '97. 

(  Jennings,  '96.  i  Pope,  '96. 

Lacrosse  ball <  Weichert,  '97.      Throwing  !)ase!)all . .  ]  Scott,  '98. 

(  Scott,  '98.  /  Mathey,  '97- 

I  Mnnings,  '96  Christy  )  .  , 

220  yards  dash -J  lecLain,    98.  Brune.  )  ^^' 

I  Weichert,'97.  „ 

(  Corbett,  95.  Three-legged  race. ..-;  {>j^y-  •  (  '96. 

Hammer  throw ]  Church,  95.  *  ' 

f  Buckley,  '98.  Roberts  )  ,0 

t  Church.  95.  :^]^'^'-  ^  ^' 

Standing  broad  jumj),  ^  Wood,  97.  V  Weichert,  97. 

f  Frank,  98.  M'^^*  run j  Handloser,'98 

(  Buckley,    98.  '  Meister,   97. 

Putting  shot ]  Wood,  V.  u   ,r      ,         n  (  w""".^'  '?^- 

(  Pope,  '96.  "a'f  "i''e  walk j  Munby,  97- 

(  Wood,  '97.  '  ^^^'s.  '98. 

l^unning  broad  jump,  <  Buckley,  '98. 

(  Pope,  *(/). 

Summary. 

'95 2  firsts,  I  second  =   i  ^ 

'96 I     "        2  thirds     =25 

97 4     "        4       "         ^  3(> 

'q8 2     "        6      ••         =34 


INSTITUTE   NOTES. 

At  a  recent  meeting  of  the  Faculty  the  following  resolutions  aflFect- 
ing  the  approval  and  publication  of  theses  were  adopted  : 

Resolved^  That  in  future  all  theses,  before  final  approval,  must  be  sub- 
mitted to  all  members  of  the  Faculty  whose  departments  include  the 
subjects  treated. 

Resolved^  That  the  originals  of  theses  shall  not  be  permitted  to  leave 
the  custody  of  the  Institute.  If  a  thesis  be  desired  for  publication,  a  copy 
must  be  obtained. 

Resolved^  That  no  thesis  will  be  accepted  unless  accompanied  by  the 
following  agreement :  The  undersigned  agrees  (or  agree)  not  to  publish  the 
above  thesis  or  its  substance  without  the  written  permission  of  the  president 

President  Morton  and  family  departed  for  Pine  Hill,  Ulster 
County,  N.  Y.,  shortly  after  the  regular  sessions  of  the  Institute  closed. 
They  expect  to  remain  at  their  summer  residence,  located  there,  until  thci 
Institute  reopens. 

Professor  Kroeh,  who  is  chancellor  of  the  Summer  Schools,  conductc 
by  the  Long  Island  Chautauqua  Assembly  Association  at  Point  of  Woods. 
L.  I.,  will  have  charge  of  the  courses  in  modern  languages  during  a  part  oi 
July  and  August.     Professor  Webb,  assisted  by  Mr.  Ganz,  will  be  in  charg< 
of  the  Department  of  Mathematics  and  other  exact  sciences. 

Professor  Mayer  is  stopping  for  the  summer  at  his  cottage  atMaple^^^;^  it- 
wood,  N.  J. 

Profe.ssor  Gkver   sailed  for  Europe  on  July  3.     He  contemplatt-i.:^  Jtes 
spending  most  of  the  summer  in  Norway. 

Professor  Manning,  having  been  granted  a  leave  of  absence  for 
year,  sailed,  with  his  wife,  on  the  Ems^  on  June  29,  for  Europe.     It  is  the; 
intention  to  see  various  parts  of  Germany  during  the  summer,  and  to  sett' 
in  Berlin  for  the  winter,  where  Professor  Manning  will  avail  himself  of  tl 
opportunity  for  advanced  study. 

At  the    Detroit  meeting  of  the  American  Society  of  Mechani< 
Engineers,  held  June  25th  to  28th,  Professor  Wood  presented  two  paper       ^rs, 
one  entitled  "The  Strength  of  Iron  as  Affected  by  Tensile  Stress  Wh      -    /7e 
Hot,"  and  the  other,  "  Analysis  of  the  Tremont  Turbine."     At  the  sanr      ne 
meeting  I*rofessor  Jacobus   presented   a   paper  on  "Tests  to   Show  t —   ht 
Distribution  of  Moisture  in  Steam  when  Flowing  in  a  Horizontal  Pipe." 

Announcement  has  been  made  that  on  and  after  June  i,  i8q5,  t  ^^ 
co-])artnership  known  as  the  Union  Bridge  Company  will  consist  of  Messrs 
Charles  Macdonald  and  Andrew  Onderdonk,  civil  engineers  and  constructors 
of  bndixes,  tunnels,  and  public  works  in  general. 
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•75- 
A.  SORGE,  Jr.,  has  left  Fxaser  &  Chalmers  to  open  an  office  as  Consult- 
ing Engineer  at  1533  Marquette  Building,  Chicago,  111.     He  purposes  mak- 
ing a  specialty  of  the  e<iuipment  and  mana^n^ement  of  foundries. 

'76. 

Joseph  Kingsland,  Jr.,  having  lost  his  diploma,  together  with  other 
effects,  at  a  camp  in  the  Sierra  Madre  Mountains,  Mexico,  during  a  pro- 
longed absence  North,  due  to  illness,  has  applied  to  the  faculty  for  a  dupli- 
cate diploma,  which  will  be  furnished  him. 

He  is  not  fully  recovered  from  an  attack  of  nervous  prostration,  and 
will  go  this  summer  to  California. 

In  describing  some  tests  of  ordnance  material  to  be  made  with  the 
view  of  demonstrating  the  resistance  of  modem  armor  plate  to  the  heaviest 
projectiles  from  high-power  guns,  the  New  York  Tribune  oi  June  24,  1895, 
refers  to  Naval  Constructor  A.  W.  Stahl  as  "  one  of  the  cleverest  experts, 
who,  under  the  direction  of  Chief  Constructor  Hichborn,  designed  and  had 
constructed  at  the  Norfolk  Navy  Yard  a  section  of  the  lowas  belt  armor 
which  is  to  serve  as  the  target  in  the  practical  contest  between  the  ^un 
and  plate." 

'n. 

E.  A.  Uehling  may  be  consulted  on  mechanical  and  metal lurjjical 
engineering  problems,  especially  those  arising  in  Modern  Blast-Furnace 
Practice.    His  address  is  214  North  Fifth  Street,  Newark,  N.  J. 

The  firm  of  Uehling,  Steinbart  &  Co.,  of  which  he  is  the  head,  has  just 
equipped  a  shop  with  special  tools,  at  61  and  63  Mulberry  Street,  Newark, 
N.  J.,  for  the  manufacture  of  the  Pneumatic  Pyrometer  and  other  engineer- 
ing and  metallurgical  instruments. 

'80. 

WiLLARD  P.  Parsons  is  Chief  Engineer  of  the  American  Reduction 
Co.,  of  Brooklyn,  N.  Y.,  and  is  now  installing  at  Pittsburg,  Pa.,  a  plant  for 
which  he  has  made  the  plans  and  selected  the  machinery. 

'81. 

The  following  appeared  in  the  Gas  Light  Journal^  June  10,  1895  • 
Messrs.  Humphreys  and  Glasgow  inform  us  that  they  have  just  con- 
tracted with  the  Central  Gas  Light  Company,  of  New  York,  for  the  installa- 
tion of  one  of  their  improved  water-gas  plants,  up  to  a  maximum  daily 
producing  capacity  of  one  million  cubic  feet.  The  apparatus  is  especially 
adapted  to  the  handling  of  heavy  oils.     Messrs.  Humphreys  and  Glasgow 
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have  also  just  contracted  for  the  installation  of  a  plant  of  like  capacity  for 
the  gas  company  of  Bath,  England.  Besides  the  plants  already  completed 
by  Messrs.  Humphreys  and  Glasgow,  they  are  now  under  contract  (includ- 
ing the  two  awards  above  mentioned)  to  erect  plants  aggregating  a  daily 
capacity  of  over  13  million  cubic  feet. 

•84. 
G.  M.  SiNXLAiR  is  Secretary  and  Treasurer  of  the  Tcchnic  Electrical 
Works.    The  office  and  factory  are  at  129  Broad  Street,  Philadelphia,  Pa. 

•85. 
W.  N.  Stevens  may  be  addressed  at  29  South  Mountain  Avenue,  Mont- 
clair,  N.  J. 

•87. 
J.  Day  Flack,  formerly  Superintendent  of  Construction,  and  Engineer 
with  the  General  Electric  Co.,  has  opened  an  office  as  Consulting  and  Con- 
structing Electrical  and  Mechanical  Engineer  at  26  Cortlandt  Street,  room 
loio,  Havemcyer  Building,  New  York  City. 

Joseph  A.  McElrov  has  been  elected  to  membership  in  the  American 
Society  of  Mechanical  Engineers. 

•88 

Lewis  Searing  is  secretary  and  treasurer  of  The  Denver  Engineering 
Works  Co.,  with  office  at  842  Equitable  Building,  Denver,  Col.,  and  main 
office  and  works  at  Thirtieth  and  Blake  streets. 

Messrs.  Shef)ard  and  Searing,  mechanical  and  electrical  engineers  of 
Denver,  Col.,  in  conjunction  with  Mr.  William  J.  Miller,  formerly  owner  o 
the  Miller  Forge  Company,  of  Pittsburgh,  Pa.,  have  purchased  the  entir 
machine  shops  and  foundry  of  The  Overland  Machinery  Company,  of  Den — 
ver,  and  have  incorporated  The  Denver  Engineering  Works  Company. 

They  will  manufacture  mining,  milling,  and  smelting  machinery,  an(t:3»  ^^^ 
take  contracts  to  design  and  erect  complete  mining,  steam,  and  electrics  ^  '^ 
plants.  They  will  give  especial  attention  to  the  electrical  transmission  o  ^^^^^  0* 
power,  as  applied  to  mines  and  smelters,  in  which  they  have  had  considera-^^"^* 
ble  experience. 

The  officers  of  the  company  are:  President,  William  T.Miller;   Vic 
President,  Frank  E.  Shepard  ;   Secretary  and  Treasurer,  Lewis   Searin 
The  Board  of  Directors  contains  some  of  the  best  men  of  Denver:  Hen 
R.  Wolcott,  President,  The  Denver  Equitable  Company  ;  Julian  A.  Keble 
General  Manager  The  Colorado  Fuel  and  Iron  Company  ;   John  L.  Jerom- 
Treasurer  Overland  Cotton  Mills  ;  and  H.  H.  Dunham, of  Wolcott  &  Vail 

The  Denver  Engineering  Works  Company  will  soon  be  in  the  mark 
to  buy  iron  and  steel,  machine  tools  and  machinery  supplies. 

•88-'89. 
Fritz  Uhlenhaut,  Jr.,  and  Frederick  J.  Gubleman  have  he«^/? 
elected  to  associate  membership  in  the  American  Society  of  Mechanics/ 

Engineers. 
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Anthony  Kennedy  is  dow  Chief  Engineer  of  the  Hollar  Lock  Inspec- 
tion and  Guaranty  Co.,  Engineers  of  Bank  Vault  Construction,  Drexcl 
Quilding,  Philadelphia,  Pa. 

H.  W.  Smith  has  taken  a  position  as  Draughtsman  with  the  Pope  Man- 
ufacturing Co.,  Tube  Department,  Hartford,  Conn. 

Wm.  S.  Ackerman  has  been  promoted  from  junior  to  associate  mem- 
bership in  the  American  Society  of  Mechanical  Engineers. 

F.  M.  Sanborn  has  been  elected  to  junior  membership  in  the  Ameri- 
can Society  of  Mechanical  Engineers. 

'92. 
William  O.  Ludlow  has  formed  a  partnership  under  the  firm  style  of 
Ludlow  &  Valentine,  Architects,  with  an  office  in  New  York  City. 

R.  L.  Martin  has  been  appointed  Assistant  Engineer  of  the  New  York 
and  Brooklyn  Bridge,  Brooklyn,  N.  Y. 

H.  D.  Whitcomb,  Jr.,  has  entered  the  service  of  the  United  Gas  Im- 
provement Co.,  of  Philadelphia,  as  Engineer. 

•93. 

C.  T.  Bayless,  who  is  assistant  to  David  Leonard  Barnes,  Consulting 
Engineer,  i75oMonadnock  Building,  Chicago,  111.,  attended  the  meeting  of 
the  Master  Car  Builders,  held  June  11,  at  Thousand  Islands,  N.  Y.  Mr. 
Bayless  is  a  member  of  the  Western  Railway  Club. 

£.  D.  Lewis  is  Draughtsman  for  the  American  Reduction  Co.,  Brook- 
lyn, N.  Y. 

Jas.  V.  Macdonald  has  been  elected  to  junior  membership  in  the 
American  Society  of  Mechanical  Engineers. 

^94. 
E.  P.  BuFFETT,  who  went  to  Pittsburg  on  the  staff  of  the  American 
Manufacturer  and  Iren  W^<7rA/,  has  severed  his  connection  with  that  jour- 
nal, and  is  now  Financial  Editor  of  the  Pittsburg  Commercial  Gazette,  one 
of  Pittsburg's  leading  dailies. 

Geo.  Wetmore  Colles.  Jr.,  and  Joseph  G.  C.  Cottier  have  been 
elected  as  junior  members  of  the  American  Society  of  Mechanical 
Engineers. 

Frank  H.  Coyne  has  taken  up  his  residence  at  6  Clinton  Street,  Wa- 
tertown,  N.  Y. 

C.  C.  Kenyon  has  been  taken  mto  partnership  by  his  father,  the  firm 
being  D.  R.  Kenyon  &  Son,  successors  to  Kenyon  Bros.,  Manufacturers  of 
Woolen  Machinery,  at  Raritan,  N.  J. 

H.  D.  Lawton  is  traveling  for  Uehling,  Steinbart  &  Co.,  settmg  up 
their  pyrometers. 

Henry  £.  McGowan  is  with  Church  &  Co.,  Soda  Manufacturers, 
Trenton,  Wayne  Co.,  Mich. 
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•95. 

B.  C.  Ball  is  connected  with  the  Ball  &  Wood  Engine  Co. 

Austin  Church  is  with  Church  &  Co.,  Manufacturers  of  Soda,  Tren- 
ton, Wayne  Co.,  Mich. 

Wm.  H.  Corbett  and  Edward  M.  Harrison,  Jr.,  have  been  elected 
President  and  Secretary  respectively  of  their  class  for  a  term  of  ten  years. 

Albert  F.  Ganz  has  been  engaged  by  the  trustees  as  Assistant  in 
the  Electrical  Department  of  Stevens  Institute. 

During  the  summer  he  is  at  Point  o*  Woods,  Long  Island,  assisting  Pro- 
fessor Webb  with  his  pupils  at  the  Long  Island  Chautauqua. 

R.  E.  Hall  has  been  employed  by  Uehling,  Steinbart  ^:  Co.,  to  make 
drawings  of  their  improved  form  of  Pyrometer. 

T.  E.  Jewell  is  connected  with  the  Hecker,  Jones,  Jewell  Milling  Co., 
at  Bnx)klyn,  N.Y. 

Frank  V.  Lawrence  is  in  the  draughting  room  of  the  Pope  Manu- 
facturing Co.,  Hartford,  Conn. 

C.  P.  Paulding  is  Assistant  Engineer  with  the  Calumet  &  Heckla 
Copper  Mining  Company,  Calumet,  Mich. 

A.  R.  Williams  has  entered  the  employ  of  the  American  Reduction 
Co.,  and  is  assisting  in  the  equipment  of  the  new  plant  of  that  company,  at 
Pittsburg,  Pa. 

A.  E.  W^H)LSKY  has  entered  the  service  of  the  Illinois  Steel  Co.,  at 
South  Chicago,  Ills. 

Percy  Allan,  P.  Arrison,  G.  E.  Bruen,  L.  Carter,  Austin  Greenidge, 
B.  H.  Jackson,  H.  Maxtield  and  Frederick  K.  Vreeland  were  employed  as 
Assistant  Instructors  during  the  Supplementary  Term  by  the  Department 
of  Experimental   Mechanics. 
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The  Mechanical  Engineer's  Pocket  Book.  By  Wm.  Kent,  A.  M., 
M.  E.,  Consulting  Engineer,  Member  Amer.  Soc'y  Mech.  Eng'rs,  and 
Amer.  Insti  Mining  Eng'rs.  John  Wiley  &  Sons,  53  E.  loth  St.,  New 
York  City,  publishers,  1895. 

This  is  a  reference  book  of  rules,  tables,  data,  and  formulae  for  the  use 
of  engineers,  mechanics,  and  students. 

The  mechanical  engineer,  especially,  will  find  in  this  work  a  vast 
amount  of  useful  information  in  convenient  fomi  for  ready  reference  and 
application,  and  which  could  not  have  been  obtained,  heretofore,  except  by 
consulting  a  great  amount  of  literature,  with  the  expenditure  of  considerable 
labor. 

Some  idea  of  the  scope  of  the  work  can  be  obtained  from  the  general 
heads  under  which  the  subjects  treated  of  have  been  classified.  These  are: 
Mathematics,  Materials,  Mechanics,  Heat,  Physical  Properties  of  Gases 
Heating  and  Ventilation,  Water,  Hydraulics,  Fuel,  Steam,  the  Steam  Boiler, 
Chimneys,  the  Steam  Engine,  Gas,  Petroleum  and  Hot-Air  Engines,  Loco- 
motives, Shafting,  Pulleys,  Belting,  Gearing,  Hoisting,  Wire  Rope  Trans- 
mission, Rope  Driving,  Friction  and  Lubrication,  the  Foundry,  the  Ma- 
chine Shop,  Dynamometers,  Ice-Making  or  Refrigerating  Machines,  Ma- 
rine Engineering,  Construction  of  Buildings,  Electrical  Engineering. 

The  amount  of  labor  expended  in  the  production  of  this  book  has  been 
very  extensive,  covering  a  period  of  about  twenty  years,  during  which  time 
the  systematic  collection  of  the  matter  has  been  diligently  pursued.  This 
accumulation  of  material,  which  assumed  vast  proportions,  has  been  care- 
fully sifted  and  condensed,  so  that,  in  the  small  volume  of  about  1 100  ])ages, 
there  is  placed  at  the  disposal  of  the  engineer  an  invaluable  instrument  for 
the  rapid  and  intelligent  prosecution  of  his  work. 

This  is,  we  believe,  the  only  American  pocket  book  that  is  distinctively 
devoted  to  mechanical  engineering  in  the  sense  in  which  Trautwine's  Pocket 
Book  is  devoted  to  civil  engineering.     Price,  S5.00. 

Elementary  Algebra.  By  H.  S.  Hall  and  S.  R.  Knight.  Revised  and 
Enlarged  for  the  Use  of  American  Schools  by  F.  L.  Sevenoak,  Assist- 
ant Principal  of  the  Stevens  School. 

This  revision  of  Hall  and  Knight's  Elementary  Algebra  was  undertaken 
for  the  purpose  of  adapting  it  to  meet  the  requirements  of  a  text-book  for 
the  preparation  of  students  desirmg  to  enter  colleges  and  technical  schools. 
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The  revisor  has  succeeded  admirably  in  accomplishing  his  purpose,  ami 
in  its  enlarged  and  improved  form  this  text-book  will  rank  with  any  other 
now  published  upon  the  same  subject. 

One  of  the  most  valuable  features  of  the  book  is  the  large  number  of 
carefully  selected  examples  given  in  each  chapter,  and  the  collection  of 
miscellaneous  examples  at  the  end  of  the  book. 
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By  the  Chief  of  Ordnance.    Annual  Report  Chief  of  Ordnance  U,  S*Army, 
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ASSAYING  AND  ANALYTCAL  CHEMISTRY. 
Analyses  of  Ores,  Coals,  Waters, 
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TEST  OF  A  240  HORSE-POWER  BABCOCK  &  WILCOX 
BOILER  WITH  THREE  DIFFERENT  COALS,  FOR  THE 
DETERMINATION  OF  ECONOMY. 

BY  ST.  C.EORdK  M.  AXDEKSON,  '94;    KHMUM)  J.   RURKE,  '94. 


This  boiler  is  situated  in  the  American  Sugar  Refinery,  Jer- 
sey City,  and  is  the  end  boiler  of  a  battery  of  six  of  the  same 
type. 

The  three  kinds  of  coal  used  in  these  tests  were  the  ones 
Used  at  the  sugar  refinery  for  general  running.  They  were  as 
follows:  soft  coal,  pea  and  dust,  and  rice  or  fine  buckwheat. 

These  tests  were  to  be  supplemented  by  a  like  run  with  the 
same  boiler  under  the  same  conditions,  but  fired  with  the  Coxe 
Mechanical  Stoker,  instead  of  by  hand,  in  order  that  a  com- 
parison might  be  made  of  the  economy  of  the  two  systems  of 
firing  boilers.  For  that  reason  the  tests  were  made  very  thor- 
oughly, and  great  care  was  taken  with  the  readings,  weighings 
and  analyses. 

The  tests  were  of  forty-eight  hours'  duration,  and  readings 
Were  taken  and  analyses  of  the  chimney  gases  made  every 
half-hour.  Determinations  of  the  moisture  of  the  coal  fed 
to  the  boiler  were  made  every  three  or  four  hours. 

These  tests  were  under  the  supervision  of  Mr.  George  Din- 
kel,  Chief  Engineer  of  the  sugar  refinery,  to  w^hom  we  are  in- 
debted for  permission  to  make  the  tests,  as  well  as  for  his  kind- 
ness and  the  assistance  he  gave  us  in  the  work. 

The  test  of  the  stoker  was  to  have  been   included  in  our 
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work,  but  time  and  circumstances  prevented  us  from  undertak- 
in<:j  it.     This  test  was  made  later  by  Mr.  Dinkel. 


DESCRIPTION    OF    UOII.KR. 

This  boiler  is  a  l^abcock  &  Wilcox  boiler,  and  was  erected 
in  1S87,  *^^^^  ^^  \\\7i\,  time  was  their  latest  style  of  boiler,  the 
t^eneral  form  of  which  is  shown  in  Fi^.  I.  It  consists  of  four- 
teen sections,  nine  tubes  to  a  section,  with  one  circulating  tube 
to  each  section.  These  tubes  are  eighteen  feet  in  length,  with 
a  diameter  of  four  inches. 

There  are  two  steam  drums  in  this  boiler,  each  thirty-six 
inches  in  diameter  and  eighteen  feet  seven  inches  long,  and 
to  each  drum  there  is  attached  a  four-inch  safetv-valve.  The 
surface  of  the  ^rate  is  fifty-six  scjuare  feet,  and  the  heating 
surface  2.75S  scjuare  feet.  The  height  of  the  chimney  is  one 
hundred  feet. 

This  boiler,  when  bricked  in,  occupies  a  space  twenty-three 
feet  five  inches  loui;.  eleven  feet  four  inches  wide,  and  fourteen 
feel  liiLrh  to  the  steam  fkin<4e  in  the  steam  drum. 

The  ciraip^^ht  was  forced,  beini;  produced  by  a  Sturtevant 
blower  and  led  to  ihe  double  balterx"  of  boilers.  It  was  regu- 
lated lor  each  boiler  1)\-  a  separate  damper. 

The  steam  passed  from  the  boiler  into  a  steam  main,  into 
which  all  the  rest  of  the  boilers  Wi\.  As  ordinarily  run,  the 
boilers  were  led  with  water  heated  b\-  the  economizers  in  the 
Hue;  in  these  tests,  however,  the  boiler  tested  was  cut  off  from 
the  others  and  led  with  water  at  the  temperature  of  the  supply 
main. 

In  the  batter\-  of  six.  of  which  the  boiler  tested  was  one. 
the  chinine\-  ^ases  were  led  to  one  chimney  by  separate  flues. 

The  boiler  was  thoroui^hlx'  o\  erhauled  and  cleaned  before 
the  preliminar\' test  of  thirt) -six  hours  was  run.  It  was  al>o 
well  steamed  out  before  each  of  the  re<^ailar  tests. 


srANhAKDlZATlON  (»F  THK   INSTRIMKNTS  I'SKl). 

The  instruments  used  were  standardizc^d,  and  the  cor- 
rections noted  before  the  runninj^^  of  the  test.  The  high-teni- 
perature  thermometers,  used  for  taking  the  temperatures  in  the 
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steam  pipe  and  calorimeter,  were  first  standardized  at  the  boil- 
ing-point of  water  at  atmospheric  pressure,  and  afterA\'ards  in 
mercury  wells  at  the  temperatures  at  which  they  were  to  be 
used. 

In  a  like  manner,  the  pressure  gauges  and  pyrometers  were 
standardized  for  the  pressures  and  temperatures  at  which  they 
*  were  to  be  used.  The  following  are  the  corrections  for  each. 
In  order  to  obtain  a  better  average  correction  for  the  three 
high-temperature  thermometers,  since  the  temperatures  which 
they  were  to  indicate  were  about  the  same,  an  average  was 
taken  of  the  correction  of  each  for  the  different  temperatures 
at  which  they  were  standardized: 

CORRECTION. 

Thermometer  used  for  temperature  of  steam +3-6° 

"   feed  water..  —0.66' 

'*    boiler  room.  —2.0° 

*'                '*       *'    taking  temperature  of  blast.  0.0° 


*\t  the  pressures  used  throughout  the  three  tests,  the  correc- 
tion for  the  steam-pressure  gauges  was  two  pounds,  to  be  sub- 
tracted from  the  readings  of  each  gauge. 

The  two  pyrometers  were  standardized  by  their  maker, 
and  corrections  were  made  accordingly. 

The  Barrus  Calorimeter  was  standardized  and  found  to 
allow  sixty  pounds  of  steam  per  hour  to  pass  the  orifice,  at 
seventy  pounds  gauge-pressure. 

The  scales  used  for  weighing  the  water  and  coal  were 
thoroughly  cleaned,  leveled,  and  standardized  before  the  test 

MANNblR    OF    CONDUCTING  TESTS. 

At  the  beginning  of  each  test  the  fires  were  drawn  and  new 
ones  started  with  a  weighed  amount  of  wood.  Up  to  the  time 
of  drawing  the  fires  and  starting  the  test,  the  boilers  were  fired 
sufficiently  hard  to  keep  the  steam  pressure  up  to  the  point  at 
which  it  was  to  be  maintained  throughout  the  run. 

The  following  readings  were  taken  every  half-hour: 
The  height  of  the  wiitc  r  in  the  water  glass   was   measured 
in  inches.  The  temperature  of  the    steam    in    the    steam  pipe 
and  the  tem[)craturc  of  the  steam  after  passing  the  orifice  of  the 
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Barrus  calorimeter.  The  temperature  of  th?  chimney  gases  by 
two  pyrometers,  c%lled  No.  i  and  No.  2,  in  different  parts  of  the 
flue.  The  temperature  of  the  boiler-room,  and  the  barometer. 
The  temperature  of  the  blast  and  feed-water.  The  strength  of 
theblast«  in  inches  of  water,  was  taken  from  U  tubes,  called  Nos. 
1,  2,  3  and  4.  which  were  connected  with  perforated  iron  pipes 
running  across  the  ash-pit,  six  inches  below  the  bottom  of  the 
grate-bars,  and  about  seventeen  inches  apart.  Two  pressure- 
gauges  were  used,  one  a  Bristol  recording  gauge  and  the  other 
an  ordinary  steam  gauge,  reading  to  pounds,  so  that  one  would 
serve   as   a  check  upon   the   other. 

The  instruments  were  placed  as  follows:  The  room  ther- 
mometer and  barometer  were  placed  at  a  sufficient  distance 
away  from  the  boiler  so  that  they  would  not  be  affected  by  the 
heat  from  the  boiler.  The  feed-water  thermometer  was  placed 
in  a  well  sunk  in  the  supply  pipe  just  above  the  feed  tanks. 
The  blast  thermometer  was  suspended  in  the  blast  flue.  The 
steam-pipe  thermometers  were  placed  in  a  mercury  well  sunk 
in  the  elbow  of  the  outlet  steam  pipe  directly  above  the  boiler. 
The  calorimeter  was  attached  to  the  vertical  outlet  pipe  about 
three  feet  above  the  boiler,  and  was  allowed  to  run  constantly 
duringthe  tests.  On  the  preliminary  run  the  calorimeter  was  tried 
several  times  with  the  separator,  but  as  the  separator  was  found 
to  be  unnecessary,  it  was  removed  before  the  final  run,  the 
steam  being  found  to  be  uniformly  dry.  That  the  steam  was 
dry  was  also  checked  by  observing  the  quality  of  steam  which 
i.ssued  from  a  drip  placed  at  the  bottom  of  the  horizontal  pipe 
leading  from  the  boiler.  The  steam  which  issued  from  this  jet 
was  transparent  for  a  distance  of  several  inches  below  the  pipe. 

The  water  was  fed  to  the  boiler  by  a  separate  pump,  which 
drew  from  two  large  rectangular  iron  tanks  alternately,  each 
weighing,  when  full,  about  2,200  pounds,  and  about  650  pounds 
when  empty.  The  tank  was  first  weighed  when  full,  then  the 
pump  was  set  to  work  and  the  water  pumped  out  of  the  tank 
to  about  three  inches  of  the  bottom,  when  the  valve  was  closed 
and  the  pump  started  on  the  other  tank,  which  had  been  filled 
and  weighed  in  the  meantime.  The  almost  em[)ty  tank  was 
then  weighed,  and  the  difference  between  the  weight  of  the 
tank  full  and  of  the  tank  empty  gave  the  amount  of  the  water 
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pumped  into  the  Boiler  from  thi.s  tank.  This  tank  was  then 
filled,  weighed  again,  and  the  same  operation  repeated.  One 
man  attended  to  the  water  alone,  in  order  that  there  should  be 
no  opportunity  for  a  mistake  of  any  kind  in  the  amount  of 
.water  supplied  to  the  boiler.  Kach  tank  stood  on  separate 
platform  scales. 

The  coal  was  weighed  in  an  iron  barrow  holding  about  300 
pounds,  the  weight  of  the  empty  barrow  being  taken  each  time, 
so  as  to  prevent  any  error  arising  from  gain  or  loss  of  weight 
in  the  barrow.  As  the  barrow  was  filled,  samples  of  coal  were 
taken  out  from  each  barrowful,  so  as  to  obtain  a  fair  sample  of 
the  coal  for  analysis.  These  samples  were  placed  in  a  keg,  and 
every  three  hours  an  average  sample  was  taken  from  the  kcJ,^ 
placed  in  a  canvas  bag,  and  sent  up  to  the  refinery  laboratory 
to  have  the  moisture  determined.  The  sample  was  then  labeled 
and  placed  aside,  to  have  still  another  sample  selected  from 
it  for  analysis. 

The  three  ashes—  clinker  ash  from  above  the  irrate  bftrs, 
ash  from  under  the  grate,  and  ash  collected  from  the  back  con- 
nections of  the  boiler — were  treated  in  a  similar  manner,  (ireat 
care  was  taken  that  no  water  should  be  thrown  on  the  ash  be- 
fore it  was  weighed  and  samples  were  taken. 

The  method  of  determining  the  moisture  was  as  follows: 
Take  a  platinum  crucible,  weigh  in  it  1.5  grammes  of  the  pow- 
dered coal,  transfer  to  a  drying  oven  and  heat  to  103  C  for  fif- 
teen minutes;  cool  in  a  dessicator  and  weigh.  Loss  is  moisture. 
The  results  of  the  moisture  tests  were  as  follows: 

TK.ST  OF  MOISTURi:  IN  SOFT    COAL. 

2,  1894,    3.30  I'.M.,  Moisture  2.10  percent. 
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TEST  OF  MOISTURE  IN  SOFT  COAL. 
(Continued.) 

4,   1894,    i.oo  A.M.,  Moisture  2.25  per  cent. 

4.00     ••  '*         2.81 

7.00    "  "         4.90 

10.00     '*  '*         2.38 

1.00  P.M.,         "         2.19 
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MOISTURE  IN  CLINKER  OF  SOFT  COAL. 

1st  sample,    April    3,  ,1894,    when  weighed,       0.06  per  cent. 
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MOISTURE   IN  ASHES. 

Ash  from  ash-pit,  ist  sample. 
Back  Ash, 


0.0334 
1.4 


TEST  OF  MOISTURE  IN  PEA-AND-DUST  COAL. 

1st  sample  April      5,    1894,    i. 00  p.m.;  Moisture  2.66  percent. 
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MOISTURE  IN  CLINKER  OF  PEA  AND  DUST. 

1st  sample,  April  6.  1894,  when  weighed,  0.013  per  cent. 
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TEST  OF  MOISTURE  IN   RICE  OR  FINE  IJUCKWHEAT  COAL. 

1st  sample,  April  9,    1894,    11.43  -^•^^•'  ^loisture  4.72  ])or  cent. 

2.00  P.M.,         ••         3.69 
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1.00  A.M.,         **         4.56 
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TEST    OF    MOISTUKE    IN    RICE   OR    FINE    BUCKWHEAT    COAL 

(Continued.) 

7th  sample,  April  10.   1894,     2.00  p.m..  Moisture  5.92  per  cen  . 

8th       '•  ••        '*  3.45    "  ••        6.66 

9th       '•  '        ••  11.00    '•  *         6.41 

loth       "  '11.  2.0c  A.M..       "         7.62 

nth       ••  •'       *'  :;.20     •'  '^        6.82 

MOISTURE  IN  CLINKER. 

1st  sample,  April    10,  1894,  9.00  a.m.,  .oooper  cent. 
2cl         **  *'       '•  11.00  P.M..  0.03  " 

The  samples  were  obtained  as  follows  :  When  the  keg  was 
full  the  coal  was  spread  out  on  the  floor  and  thoroughly  mixed; 
then  it  was  placed  in  a  circular  pile  and  quartered.  Two  oppo- 
site quarters  were,  thrown  away  and  the  remaining  two  were 
mixed  together.  The  process  was  repeated  until  the  sample 
used  for  the  analysis  was  obtained. 

COAL  AND  ASH  ANALYSES. 

At  the  I  onclusion  of  the  tests  the  coals  and  ashes  were 
taken  to  ihr  Stevens  Institute  and  analyzed  according  tc»  the 
schrmc  of  Prof.  Thos.  B.  .Stillman,  as  follows: 

•'  Take  a  platinum  crucible  (capacity  about  25  c.  c.)  wci^jli 
in  it  1.5  grainnies  of  the  powdered  coal.  Transfer  to  a  dryintj 
oven  and  heat  to  103''  C.  for  fifteen  minutes;  cool  in  a  desicca- 
tor and  weigh.  Loss  is  moisture.  The  crucible  containing  the 
dried  coal  is  now  heated  over  a  Buflsen  burner  for  three  and  one- 
half  minutes,  then  over  the  blast-lamp  for  three  and  one-half 
minutes  more,  care  being  taken  that  the  cover  of  the  crucible 
fits  closely.  Cool  in  the  desiccator.  Loss  in  weight  equals  vola- 
tile and  combustible  matter  plus  one-half  of  the  sulphur.  The 
crucible  and  contents  are  now  heated  over  a  Bunsen  burner  (lid 
of  crucible  removed)  until  all  carbonaceous  matter  is  consumed. 
Replace  cover  of  crucible,  cool  in  desiccator  and  weigh.  Loss 
in  weight  is  fixed  carbon  plus  one-half  K^^i  the  sulphur." 

The  follow  inir  are  the  results  of  the  different  analvses:* 

*rii('  results  of  tht"  ash  analvses  are  an  averaj^e  of  those  olUaintMl  bvihc 
;nithi»r<  :iii(i  those  obtained  in  tlie  la])oratory  of  the  sii^ar  house. 
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ANALVSKS  OF  COAL  ANI>  ASIIKS. 
SOFT  COAL. 

Moisture  .....       0.7136  per  cent. 

Volatile  and  Combustible  matter  +  '6  sulphur  24.0348        '* 
Carbon  +  y'y  sulphur  70.5572 

Ash  4.6940 

Total  99.9996  per  cent . 

CAKIlON  IN  ASH   OF  SOFT  COAL. 

Ciinkcrash  23.6  per  cent,  carbon 

Ash  from  ash-pit  36.4  *'  '* 

Back  ash        ....  49.3 

HARD  COAL  K  FFA  AND  DUST). 

Moisture  .....     0.61232  per  cent. 

Volatile  and  combustible  matter  +   ^2  sulphur  9.6409  '* 

Orboa  4- 5iJ  sulphur  80.9667         *' 

A'-h         ......      8.77995 


Total  .  99.99987  per  cent. 

CAKHON  IN  ASM   ()F   I'K A-AND-DUST  COAL. 

(Jhnkerash  ....     10.7  per  cent,  carbon 

A.sh  from  ash-pit  36.7 

H;irk  ash         .....   45.2 

RICK  OR   FINF  nrCKWUFAT  COAL. 

Moisture  .....      2.73782  percent, 

olatile  and  combustible  matter  +  ^j  sulphur  7.7571 
Carbon  -f-  ^j  .Sulphur  ....  69.3225 
Ash  .....  20.1824 

Total  .  ,     (^.99982  per  cent. 

CARBON   IN  ASM  OF  BCCRWIIFAT  COAL. 

Cl.nker  ash  25.5    per  cent,  carbon. 

A.sh  from  ash-pit  .       48.4 

Back  ash  ^o.q         ** 
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It  will  be  noticed  in  the  determinations  of  the  per  cent,  of 
carbon  in  the  ash  taken  from  the  ash-pit,  that  the  amount  in  the 
third  test  for  buckwheat  coal  was  excessive.  This  excess  may 
be  accounted  for  in  several  ways.  The  coal  was  verv  fine  and 
could  fall  through  the  j^rate  bars  in  jricatcr  ciuantity  than  the 
larger  sizes;  the  fires  had  to  be  worked  and  cleaned  constantly, 
thus  affording  greater  opportunities  for  small  particles  of  the 
unburnt  coal  to  fall  through  the  grate. 

ANAI.'VSIS    OF    CHIMNKV    (J.XSES. 

The  instrument  used  for  the  analysis  of  these  gases  was  tlie 
Klliott  apparatus,  as  described  in  '*  Phillips'  Engineering  Chemis- 
try," page  121.  The  samples  of  the  gas  were  taken  about  fifteen 
minutes  after  firing,  so  as  to  allow  the  coal  time  to  burn  thor- 
oughly, and  in  each  case  seven  samples  were  run  through  the 
apparatus,  so  as  to  drive  out  all  the  air,  Fifteen  analyses  were 
made  during  each  test. 

The  method  of  operating  this  apparatus  is  as  follows: 
Samples  of  the  gas  are  drawn  into  the  graduated  tube  and  the 
reading  taken.  The  gas  is  then  drawn  over  into  the  other  tube, 
which  we  will  call  the  secondary  tube,  and  treated  with  potas- 
sium hydrate  (KlIO),  which  absorbs  all  of  the  CO.,.  This 
should  be  allowed  to  stand  for  ten  or  fifteen  minutes  to  allow  all 
of  the  CO^  to  be  absorbed.  The  gas  is  thus  drawn  back  into 
the  graduated  tube  and  the  reading  taken.  The  difference  be- 
tween the  readings  divided  by  the  original  volume  of  the 
gas  give  the  per  cent,  of  C(_)o  present.  The  gas  is  then 
drawn  back  into  the  secondary  tube  and  treated  with  a  .solu- 
tion  of  pyrogallic  acid,  which  absorbs  the  oxygen  present 
in  the  gas.  The  gas  should  be  allowed  to  remain  in 
contact  with  the  potassium  hydrate  and  pyrogallic  acid  for  at 
least  ten  minutes,  to  obtain  the  entire  absorption  of  the  oxy- 
gen. The  gas  is  then  drawn  back  into  the  graduated  tube  and 
a  reading  taken.  The  difference  between  this  reading  and  the 
former  reading,  divided  by  the  original  volume  of  the  gas,  gives 
the  per  cent,  of  oxygen  present.  The  secondary  tube  must  then 
be  thoroughly  washed  out  and  have  the  air  driven  out  of  it  by 
water.  The  i^^^s  is  aj/ain  drawn  into  the  secondary  tube  and 
treated  w  ith  cuprous  chloride,  which  absorbs  all  of  the  CO  pres- 
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cnt.  The  gas  must  then  be  drawn  back  into  the  graduated  tube, 
but  no  reading  yet  taken,  as  acid  fumes  are  present.  The  sec- 
ondary tube  must  again  be  well  washed  out  and  the  air  driven 
out  as  before.  The  gas  is  then  drawn  hack  into  the  secondary 
tube  and  treated  with  potassium  h\'drate,  which  absorbs  the 
hydrochloric  acid  fumes  generated  by  the  cuprous  chloride. 
Allow  to  stand  for  ten  minutes.  The  ijas  is  drawn  into  the 
graduated  tube  and  a  reading  taken.  The  difference  between 
this  and  the  former  reading,  divided  b\'  the  original  volume  of 
the  gas  taken,  gives  the  per  cent,  of  CO  present  in  the  gas. 
The  remainder  of  the  gas  is  sup])oscd  to  be  nitrogen.  There 
mav  be  some  hvdrocarbons  present,  but  if  there  are,  thev  are 
present  in  such  minute  quantities  as  to  make  their  determina- 
tion almost  an  impossibilit\'. 

After  taking  a  sample  of  a  gas  it  should  be  allowed  to 
stand  for  at  least  twejity  minutes  before  the  first  reading  is 
taken,  so  as  to  allow  it  to  come  to  the  temperature  of  the  room 
and  a  constant  volume. 

The  gas  was  collected  from  a  perforated  three-ciuarter-inch 
iron  pii)e  running  the  whole  depth  of  the  flue,  the  pipe  being 
allowed  to  remain  in  the  flue  all  the  time.  Water,  free  from 
air  bubbles,  was  used  in  the  I^lliott  apparatus  and  was  allowed 
to  stand   long  enough  to  be  at  the  temperature  of  the  room. 

The  followin<f  are  the  analvses  of  the  different  tests.  The 
damper  was  open,  and  the  ash-pit  doors  were  closed  through- 
out: 

ANALVSKS  OF   \'\XV.  (lASKS. 
TKST  WITH  SOFT    COAL. 


Time.                     Ter  rt.  CO...  Per  ct.  O.  Ter  ct.  CO.       Per  ct.  X. 

4^30   P.    M 1 1.6  3.2  4.1  Si. I 

8.15      ••    13.0  6.4  I.O  79.6 

11.45      "    ^0-7  '"^-6  II  79.6 

4.00   A.    .M lO.O  6.2  1.5  82.3 

7.30      *•    13.4  3.2  2.6  80.8 

11.00        "     4.3  8.2  2.0  85.5 

I.OO    P.    M 3.5  lO.O  1.7  84.8 

2-30      *'    9-9  9-57  0.8  20.27 

4.45      "    6.5  1 1.8  Air  got  in. 

9.3a      •'    10.4  8.5  0.2  80.9 
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ANALYSES    OF  FLUK    (iASF.S. 

TF.ST    WITH  SOFT    COAL. 
(Continued.) 

Time.                      Per  ct.  CO,.  Per  ct.  O.  Per  ct.  CO.      Per  ct.  N. 

1.30  A,    M I  I.I  5.0  0.8  S3. 1 

4.30      •*    9.0  7.2  0.8  83.0 

7-30      '•    7-4  5-1  «-2  ^"^6.3 

11.00      ••    7.5  10.5  0.4  S1.6 

i.oo  p.  M 8.0  ii.o  O.I  So.g 

TFlSTWnil  HARD  COAL. 

Time.                      Per  ct.  CO...  Per  ct.  O.  Per  ct.  CO.      Per  ci.  N. 

12.00   M 9.4  8.5  3.7  78.4 

3.30  P.  M 10.8  5.6  1.4  82.2 

6.00     •*    9.29  10.5  0.3  79.91 

9.30      "    lo.i  8.8  0.44  So.6^) 

1.30  A.  .M j.y  6.6  0.8  S4.9 

3.30      *•    7.2  11,0  0.7  Si.i 

7.30      '•    6.0  8.8  1.7  S3.; 

12.00  M 7.3  lo.i  0.7  81.9 

2.30  p.  M 7.1  6.3  0.66  S5.94 

5.00      ••    1 1.6  6.58  0.94  S0.8S 

7.00      ••    9.72  4.4  1.7  S4.18 

1 1,00      "    10.08  8.3  0.76  So.u 

2.15  A.  M lo.i  7.3  0.42  S2.n 

6.00      "    'S^.j  Air  i^^ot  in. 

FKST  WITH     lU'CRWHKAT    c:()AL. 

Time.                       \\v  ct.  CO,.  Per  ct.  O.  P«-r  ct.  C< ).     Per  ci.  N. 

I  1.45    A.    M 6.69  6.25  1.67  S5.39 

3.30    }'.    M 9.03  6.46  2.9  81.61 

6.30      •'    7.68  •;.},>>  1.9  S3.04 

10.00     '•    15.8  2.23  0.82  Si. 15 

12.00    M 9.97  5.98  1.33  82. 72 

4.00   A.    M 6.4  8.4  0.81  84.39 

700        *•     10.05  8.9  0.69  SO.36 

9.20      "    8.02  >^.^  0.55  S2.65 

11.45      "    »*-3  8.65  0.52  79.53 

3.30    V.    M 10. 51  6.52  0.93  82.04 

6.10      ••    13.91  6.5  0.00  80.59 
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TEST    WITH    BUCKWHEAT  COAL. 
(Continued.) 

Time.                      Per  ct.  CO,.        Per  ct.  ( ).  Ptr  ct.  CO.     IVr  ct.  N. 

10.00       *•     12.22                 6.85  0.45                  80.42 

12.30  A.  M 7.78  8.35  0.68  83.19 

4.00       "     9.04  7.44  1.03  82.49 

7.00       •*     10.80  8.87  0.22  80.11 

.  In  the  foregoing  tables  of  the  anjilyses  of  the  chimney  gases 
the  per  cent,  of  CO  is  quite  small,  showing  that  the  combus- 
tion of  the  gases  wa.«  gojd.  The  per  cent,  of  O  present 
showed  an  excess  of  air,  which  may  be  accounted  for  by  the 
fact  that  the  normal  condition  of  the  damper  was  open,  and 
that  the  blast  used  was  strong,  the  boilers  being  driven,  so 
that  the  horse-power  developed  was  beyond  the  rating  of  the 
boilers. 

Table  I.  is  a  comparative  one  of  the  three  tests: 

TABLE  L 
AVERAGE    D.VrA    AXD    RESULTS    OF    TESTS. 

L  Date  of  Tests April  2,  5  and  9,  1894. 

2.  Type  of  boiler. . .  .Babcock  &  Wilcox,  rated  at  240  H.  P. 

3.  End  boiler  in  a  batterv  of  six,  American  Sugar   Refinery,  jersev  Citv, 

N.J. 

4.  Fuel Three  grades  of  coal. 

5.  Distribution  of  power The  boiler  fed  directly  into  a   steam   main. 

from  which  steam   was  taken   for   engines,  pumps   and   sugar   ma- 
chinery. 

6.  How  draught  was  produced ....  Sturtevant  blower. 

7.  How  Qoal  was  measured In  an  iron  wheelbarrow  on  platform  scales. 

8.  How  water  was  measured Weighed. 

9.  Condition  of  l>oiler  when  test  commenced ....  Before  the  preliminary 

run  the  boiler  had  been  thoroughly  overhauled  and  cleaned.     It  was 
steamed  out  between  each  two  tests. 

10.  Average  condition  of  damper  and   ash-pit  doors The  damper  was 

open,  and  the  ash-pit  door  closed. 

11.  Grate  surface,  square  feet 56. 

12.  Total  heating  surface,  square  feet 2,758. 

13.  Ratio  of  heating  to  grate  surfaces 4Q.2. 

14.  Distance  traveled  in  feet  by  the  products  of  combustion  from  grate  to 

chimneys 171. 

15.  Height  of  chimney,  feet 100. 

16.  Safety  valves Number  in  use,  2;  diam.  of  each,  inches 4. 
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u';^.4T«-»  'Second Test.  Third  Test. 
<  ft  r,^oi  i  Hard  Coal  Buckwheat 
w  ,   ,si;    'I*ea&I)ust.         Coal. 


17.  Time  that  wocxl  was   li^^I.ted   and   test 

comnu'iiccd 3.30  P.  M.    10.00  A.  M.  9.15  A.  M. 

18.  Lfiigth  of  the  test  in  hours 1         48  48  48 

19.  Steam  pressure  at  start,  lbs.  per  scj.  in., 

above  atmosphere 69.25 

20.  Height  of  water  in  water  glass  at  start, 

inches 5.5 

21.  Total  weight  of  water  fed  to  the  l)oiler, 

lbs '    577.414 

22.  Average  thickness  of  tire,  inches 12 

23.  Average  draught,  in  inches,  of  water. .      0.3864 

24.  Average  steam  pressure,  lbs.  persc|.  in., 

above  atmosphere 71 

25.  Average  height  of  water  in  water  glass, 

inches 3-79 

26.  Average   temperature   of    feed   water, 

degrees  Kahr 48.07 

27.  Average  temperature  of  chinmey  Leases, 

degrees  Fahr 653 . 

28.  Average  temperature  of  steam  in  boiler, 

degrees  F'ahr 3^.7 

29.  Average  temperature  of   fire  room,  de- 

grees Fahr 58 .  15 

30.  Average   barometric    i»ressure,    inches 

of  iiiercurv >o.  lo 

( )xygeii 1  '^^Z 

31.  Composition  of  chnn-     Carbonic  acid  ,         8.42 

lu-y  gases  by  Nolumc     Carbonic  oxide         1.3 

Nitrogen 82.65 

Carbon  -  \  Sul.       70.5572 

,    ..  •  (    i     \     <  ^w.  c\   Hvdro- 

^2.  Coni])osilion     01     luel  ,         -         ,     •     ..     ,  ,,   ^-..o               z:.^  ..,  ^^-, 

•^               '            1             ,      •           uen  -f     2  '^..'  24.0^40  0.6400  7.7vl 

asLTivenbvanalvsis      .  r,        ^      ^        1        .   r^^  q  Jl  J^  \iLt 

Ash '       4.004  0.77999  20.I024 

.Moisture |       0.7136  0.61232        2.73782 


67.5 

63.5 

4.75 

6.0 

411,608 
10 

0.465 

453.185 
12 

0.94S 

68.72 

69.36 

4.51 

4.10 

50.88 

49.32 

613. 

597. 

311. 2 

311.20 

62.81 

63.13 

30.03 
7.9 

8.c>S 

1 .09 
82.03 
80 .  i^:)6'; 

30.05 
7.17 

9.93  , 
0.9760 

81.9234 
69.3225 

33.  Barrus   Calorimeter      Temperature    of 

superheated   steam   at  exit,  degrees 
lahr.,  as   registered   by   a    mercurvi 

thermometer 272.26 

V    Total  wood  used,  lbs 708 

34.  ->  Fcpiivalent  in    coal,    i    lb.  of   wood  I 

/        =0.4  lb.  coal '     283.22 

I  'Total  clry  coal   used,  lbs 1     '74,070 

35.  ->  Total  wvX  C(ul  used, as  it  came  f rom | 

f      the  coal  ]»ile.  lbs j      75,893 

36.  Kefu.M' 6,023 

i  'Total  Juel  used.  lbs..  diA-  coal   -f  -4 

}t7  ■    )      weight  of  wood,. . . '. 74,353 

I    Total  combustible,  lbs I      68.330 


c/) .  c)</>6        <;9  •  '>>< « I    00  •  9999*^ - 


2/1. 10 

361 

273 . 26 

630 

144.4 

56,559 

252 

70,405 

58,233 

7,472 

^^'725 
14,678 

56,703 
49,231 

70,657 
55.979 
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TABLE  I. — (continued). 


38.  Actual  per  cent,  of  ash 

(Rate  of  combustion,  lbs.  per  s<].  ft. 
of  grate  per  hour 
Rate  of  combustion,  lbs.  per  s(|.  ft, 
of  heating  surface  per  hour 

40.  Quality  of  steam,  average   per    cent. 

priming  per  lb.  of  steam* j 

41.  Weight  of  water  which  would   have 

been  fed  if  the  teniperature  of  feed 
water  were  212°  Fahr.  and  steam 
evaporated  at  actual  boiler  pressure, 
lbs I 

42.  Weight    of  water  which   would  have 

been  fed  if  the  temperature  of  feed; 
water  were  212^  Fahr.  and  steam 
were   evaporated    at     atmospheric 

pressure,  lbs 

f  From  temp,  of  feed  wa- 
ter and  at  actual  steam  i 

pressure 1 

Equivalent  from  and  at' 


First  Test. 
Soft  Coal. 
Apr.  2, 1S94. 


8.10 

27.66 

0.56 

Orv. 


Second  Test. 

Hard  Coa! 
(Pea  &  Dust) 

Apr.  S.  1894- 


»3»7 
21  .09 

0.428 

Dry. 


Third  Test. 
Buckwheat 

Coal. 
Apr.  9,  1894. 


20.77 
26.286 

0.53 
Dry. 


672,212  !  478,064  i  527,051 


694.825    I    493,864    I    544»556 


43.  Evaporation, 
inlbs.,pe 
lb.  of  dry  ^ 
fuel.. .  . 


t     212^  Fahr, 


TFrom   temp,   of  feed 

44.  Evaporation,  in  .      water  and  at  actual 

lbs.,per  lb.  of  \      steam  pressure 

combustible,  j  Equivalent  from  and 
i      at  212**  Fahr 

45.  Evaporation,  in  I  From  temp,  of  feed, 

lDS.per  hour,        water  and  at  actual 

per  sq.  ft.  of -j      steam  pressure 

neating  sur-  1  Equivalent  from  ancl 
face... (     at  212**   Fahr : 

46.  Horse- power  according  to  standard  re- 

commended by  the  American  Society 
of  Mechanical  Engineers,  /.  ^.,  34 >^: 
lbs.  of  water  evaporated  from  and 
at  212®  Fahr.,  per  hour 

47.  Square  feet  of  heating  surface  required 

for  each  horse-power | 

48.  Air  supplied  i  Pounds 

per  lb.  of -j  Volume  at  temperature 
fuel (     of  32*^  Fahr.,  cu.  ft . . . . 


in 

9.34 

8.45 
10. 17 

4.36 

5-25 


6.57 
14.05 


7.26 

8.71 

8.36 
10.03 

3.11 
3-73 


6.41 

8.10 
9-73 

3-42 
4.11 


419.58         298.23         328.84 


9.25 
16.24 


8.39 
12.95 


174.10    201.21   I  160.55 


'Radiation  ol  calorimeter  allowed  lor.       Possible  erioiol  deterniination       iwn-rtiihs  ui  one 
per  cent. 
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Method  of  Calculating  Results. 

The  articles  numbered  from  1  to  36  are  taken  directly  from 
data  obtained  during  the  tests. 

37.  The  total  fuel  used  equals  the  total  dr>'  coal,  as  given 
in  article  35,  plus  the  equivalent,  in  coal,  of  the  wood  used  in 
starting  the  fires,  article  34.  Total  combustible  equals  the  to- 
tal fuel,  37,  minus  the  ash. 

381  The  actual  per  cent,  of  ash  equals  the  ash  X  lOO  -r 
the  total  fuel,  37. 

39.  The  rate  of  combustion  per  square  foot  of  grate  per 
hour  equals  the  total  fuel,  37,  divided  by  the  length  of  the  test 
in  hours  x  the  grate  area  in  square  feet. 

40.  The  per  cent,  of  priming  was  calculated  from  the 
formula. 

Per  cent,  of  priming  =  100  (1— ..i  I. 

//.,+0.48  (7;,-2i2)-(//i-//i) 

in  whicii 

//=  total  heat . 

//  =  latent  heat. 

.1  =  fraction  of  pound  of  water  evaporated. 

'/',=  temperature  of   steam  before  passing  orifice 

in  Harrus  calorimeter. 

7  ._,  =  temperature   of  steam  after  passing  orifice  in 

i^arrus  calorimeter. 

41.  Article  41  was  calculated  by  the  following  formula: 
\\  eight  of  water  which  would  have  been  fed  if  the  tem- 
perature of  the  feed  water  was  212°  Fahr.,  and  steam  evapo- 
rated at  actual  boiler  pressure  =  Actual  water  evaporated  x  [ti 
_«/^  )-^(//— 212).  Where  /^  is  the  temperature  of  the  feed 
water  and  H  represents  the  total  heat  above  o^  Fahr.  per  pound 
of  saturated  steam  at  the  average  boiler  pressure. 

42.  Article  42  was  calculated  by  the  following  formula: 
Weight  of  water  that  would  be  evaporated  during  time  of  test 
from  and  at  212"  F'ahr.  =  Actual  water  evaporated  x  ( //— /f ) 
-r-  966,  where  /f  and  //  represent  the  .same  quantities  as  in  the 
previous  article. 
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Articles  43  to  45  arc  obtained  by  dividing  the  total  quanti- 
ties by  the  total  weight  of  the  fuel,  etc. 

46.  To  obtain  article  46,  the  evaporation  per  hour  from 
and  at  212'^  Fahr.  is  obtained  by  dividing  the  total  result  given 
in  article  42  by  the  length  of  the  test  in  hours.  This  result 
divided  by  34.5,  gives  the  horse  power  of  the  boiler. 

47.  Divide  the  total  heating  surface  by  the  horse  power. 

48.  The  following  method  was  used  to  obtain  article  48  : 
The  pounds   of  air  required  to  burn   one   pound  of  carbon  = 

.  \2  (CO.,  -f  0)  +  C0} 
-i  '       ^        "  '  •  _i_n  ^  ^ 

''  /      a\^^co      \  '     '- 

in  which  0,  CO^,  and  CO  are  the  per  cents,  by  volume  of  the 
several  constituents  of  the  chimney  gases. 

The  pounds  of  air  __  \  Pounds  of  air  per  )       Per  cent,  of  carbon 
per  pound  of  coal    ~  (   pound  of  carbon  j  in  the  coal. 

To  reduce  to  volume  at  temperature  of  32°  Fahr.,  the  fol- 
lowing formula  was  used  : 

/'o  =  1 2.387 X  pounds  of  air  per  pound  of  coal. 

rOMF.XK.ATIVK  COSTDF  POWKR  WITH  THK  THKKK  KINDS  OF   FUEL. 

It  can  be  seen,  from  the  preceding  tabulated  record  of  the 
three  tests,  that  the  conditions  were  the  same  in  each.  There- 
fore, a  comparison  may  well  be  made  of  the  results  obtained 
in  the  three  runs,  in  order  to  sec  which  coal  gave  the  best 
economy. 

The  cost  of  these  three  coals,  delivered  in  front  of  the 
boiler,  are  as  follows  : 

Pea  and  dust S   i  .54  per  ton. 

Fine  buckwheat i  .465  "     '* 

Soft  coal 2.60 


•  t     1 1 


In  the  soft-coal  test  there  were  used  75,893  pounds  of  wet 
coal  in  forty-eight  hours,  or  37.95  tons  of  2,000  pounds  each  at 
52.60  per  ton.  The  cost  of  the  coal  was,  therefore,  S98.67. 
The  boiler  generated  419.58  H.  P.    Therelore,  each  horsepower 

cost  — 2-L-Z —  =$0.0040  per  hour. 
419.58x48  ^* 
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Of  the  pca-and-dust  coal  there  were  used  58,233  pounds  of 
wet  coal,  or  29.12  tons  of  2.000   pounds  each,  at  $1.54  per  ton. 
The  total  cost  of  the  coal  was,  therefore,  $4484.  The  boiler  gener- 
ated 208. 2X  H .  P.  Therefore,  each  horse  power  cost — ;^'  ^    ^  = 
^      "^  298.23x48 

$0.00313  per  hour. 

In  the  buckwheat-coal  test  there  were  used  74,725  pounds 
of  wet  coal,  or  37.36  tons  of  2,000  pounds  each  at  Si. 465  per  ton. 
The  total  cost  of  the  coal  was,  therefore,  S54.73.  The  boiler 
generated    328.84    H.    P.     Therefore,   each  horse   i>owcr  cost 

5^*73 =$0.00347  per  hour. 

328.84x48 

The  reasons  for  making  the  calculations  and  comparisons 
on  the  basis  of  wet  coal  is  that  by  **  wet  coal  '*  is  meant  the 
coal  as  it  came  from  the  coal  pile,  and  as  it  was  fed  to  the 
boiler. 

We  have  concluded  from  the  above  calculations  that  the 
hard  coal  (pea  and  dust)  is  the  most  economical  for  this  boiler, 
as  fired  during  these  tests. 

The  total  dry  coal  used  in  the  soft-coal  test  was  740,70 
pounds,  or  37.035  tons  of  2,000  pounds  each,  at  S2.60  per  ton. 
The  cost  of  the  coal  was,  therefore.  $96.29.  This  being  divided, 
as  before,  by  the  number  of  horse  power  developed,  and  by  the 
length  of  the  test  in  hours,  gives  the  cost  per  horse  power  as 

follows  :  "  =$0.00478  per  hour. 

20140  '     ' 

In  the  hard-coal  (pea  and  dust)  test,  the  total  dry  coal  wa> 

56,559  pounds,  or  28.28  tons  of  2,000  pounds  each,  at  $1.54  per 

ton.     The  total  cost  of  the  coal  was,  therefore,  $43.55.  ^'^"^  '^^^ 

cost  per  horse  power       *•'-'  =$0.00304  per  hour. 

The  total  dry  coal  used  in  the  last  test  was  70,405  pounds, or 
35.2  tons  of  2,000  pounds  each,  at  $1 .465  per  ton.  The  total  cost 
the  coal    was,  therefore,  $51.57,  and   the  cost  per  horse  power 

was  -5ii57   =$0.00327  per  hour. 
15784.3 
From  these  calculations  we  have  concluded  that  the  hard 

coal  (pea  and  dust)  is  the  most  economical,  when  reckoned  for 

the  drv  coal  as  well  as  for  the  wet. 
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If  the  carbon  wasted  in  the  ash-pit  were  saved,  the  com- 
parative cost  per  horse  power  for  dry  coal  would  be  as  follows: 

Soft  coal, cost  per  H.P.,         ^^    =$0.0047. 

^  20140  ' 

Hard  coal  (pea  and  dust),  cost,  per  H.  P.  =  S0.0029. 

Buckwheat  coal,  cost  per  H.  P.  =  $0.0031. 

From  a  comparison  of  these  figures  the  hard  coal  (pea 
and  dust)  still  has  the  advantage  for  economy. 

The  latter  calculations  were  made  by  taking  the  weight  of  the 
ash-pit  ashes,  multiplying  by  the  percentage  of  carbon,  thus 
finding  the  weight  of  unburnt  coal  lost,  finding  the  cost  of  this 
unburnt  coal  for  each  of  the  different  coals  at  their  respective 
prices  and  subtracting  from  the  total  cost  of  each ;  then  divid- 
ing as  above. 


AN  INTERESTING  WELL   EXPERIENCE. 

I5Y    II.    DE    B.    PARSONS,    '84,  M.  E. 

The  following  interesting  experience  in  the  supposed  con- 
tamination of  a  well  water  was  experienced  in  my  practice; 
and,  thinking  that  the  result  might  be  of  service  to  others.  1 
take  pleasure  in  stating  the  facts. 

In  order  to  secure  a  supply  of  good,  potable  water  for  do- 
mestic use  at  a  private  residence  situated  near  Rye,  Westches- 
ter County,  N.  Y.,  it  was  decided  to  drive  a  six-inch  well.  In  the 
immediate  neighborhood  a  number  of  such  wells  had  been 
driven,  and  the  supply  of  water  from  each  varied  from  about 
five  gallons  to  thirty-five  gallons  per  minute,  the  average  depth 
of  these  wells  being  between  sixty  and  one  hundred  feet. 

The  ground  in  the  neighborhood  of  the  place  is  occupied 
by  private  residences,  although  there  is  consideiable  property 
still  ill  an  unimproved  state.  All  the  houses  in  the  immediate 
vicinity  of  the  proposed  well  drain  into  an  arm  of  Long  Is- 
land Sound,  through  closed  drain-pipes,  some  of  which  are  built 
of  c«ist-iron  pipes  with  lead  joints,  and  others  with  glazed  tilc- 
pipc,  with  cement  joints. 

The  proposed  well  was  located  as  shown  in  the  accompany- 
ing map,  and  marked  No.  i.  As  will  be  seen,  there  was  a 
small  garden  in  the  immediate  vicinity,  and,  with  that  excep- 
tion, all  the  rest  of  the  property  was  in  lawn.  The  only  fertilizer 
used  was  a  little  bone-dust  ])ut  on  certain  bare  spots  on  this 
lawn.  There  was  no  stable  in  the  immediate  vicinitx*  of  the 
well,  the  nearest  being  about  275  feet  away,  situated  directly 
on  the  bank  of  the  Sound.  The  next  stable  was  situated  over 
300  feet  away,  in  the  oppcxsite  direction.  Hoth  the  private 
houses  shown  on  the  map  arc  small  country  homes,  accommo- 
dating small  families.  The  soil-pipes  from  these  houses  are 
shown  on  the  map,  and  both  of  them  are  new.  These  soil-pipes 
were  laid  in  trenches,  most  of  them  being  in  rock  cuts,  so  that, 
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had  there  been  any  leak,  which  is  not  probable,  the  moisture 
would  have  followed  the  pipe  through  the  trench  into  the 
Sound.  The  natural  rock  in  this  vicinity  is  Westchester  gneiss, 
standing  at  nearly  a  vertical  angle,  so  that  the  outcropping  runs 
practically  north  and  south. 

The  contract  for  driving  the  well  was  let  to  Conlin  Bros., 
and  well  No.  i,  consisting  of  a  six-inch  hole,  was  started  and 
carried  to  a  depth  of  eighty-five  feet.      Rock   was  encountered 


LQfNGi  ISLAND  SOUND 


SSfUltep 

3 


I 


WELL^l 


WELLES 
95 fi.  deep 


HOUSE 


.^ 


at  three  and  one-half  feet  below  the  surface,  iind  .1  slccl  casing 
was  put  in  place  for  that  dcplh,  the  lower  end  being  cemented 
to  the  rock.  For  the  full  depth  of  the  well  the  character  of 
the  rock  changed  but  very  little.  Water  appeared  in  the  well 
at  a  depth  of  forty  feet,  and  rose  to  within  fifteen  tcet  of  the 
surface.  As  only  a  small  quantity  of  water  was  obtained  when 
the  well  was  tested,  it  was  decided  to  carry  it  to  a  greater 
depth,  and  it  was  finally  extended  to  two  hundred  and  ten  feet. 
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No  great  variation  in  the  rock  was  experienced,  and  at  that 
depth  no  in  crease  in  the  water  supply  was  obtained,  although 
the  water  still  maintained  its  level  at  about  fifteen  feet  from 
the  surface. 

It  was  then  decided  to  torpedo  the  well,  with  the  hope  of 
increasing  the  flow.  About  fifty  pounds  of  nitro-glycerine  were 
exploded  in  three  charges,  one  charge  being  put  at  the  bottom 
of  the  well,  another  about  one  hundred  and  fifty  feet  from  the 
surface,  and  the  third  about  sixty  feet  from  the  surface.  The 
supply  was  not,  however,  materially  increased  by  these  ex- 
plosions. 

This  well  was  then  abandoned,  and  another  made,  as  shown 
on  the  map,  marked  Well  No.  2.  This  second  well  was  carried 
to  a  depth  of  eighty-five  feet,  and  the  character  of  the  rock 
was  the  same  as  that  found  in  Well  No.  I.  The  surface  of  the 
rock  was  found  about  four  feet  below  the  surface  of  the  ground, 
and  that  part  of  the  well,  like  the  former,  was  lined  with  a  steel 
casing,  cemented  to  the  rock.  As  this  well  gave  a  little  greater 
supply  than  Well  No.  i,  amounting  to  about  one  gallon  a  min- 
ute, and  as  that  supply  was  suflficient  for  drinking  purposes 
further  extensions  were  not  undertaken. 

The  well  marked  No.  3  on  the  map  is  a  well  of  the  same 
character  as  those  just  described,  but  was  bored  about  five 
years  previously.  This  well  is  six  inches  in  diameter  by  ninety- 
five  feet  deep,  and  gives  a  supply  of  about  twelve  gallons  per 
minute.  The  surface?  of  the  ground  slopes  away  toward  the 
north,  so  that  the  top  of  Well  No.  3  is  a  few  feet  lower  than 
the  top  of  Well  No.  I,  and  the  water  in  all  the  wells  stands  at 
the  same  level.  This  level  is  about  ten  feet  above  high-water 
mark,  and  is  not  affected  by  the  rise  and  fall  of  the  tide. 

Well  No.  2  was  equipped  with  a  small  hand-pump,  and 
water  was  pumped  about  ten  minutes  each  day  for  four  days, 
when  a  sample  was  taken  and  analyzed  by  Mr.  Alfred  L.  Beebe, 
Ph.B.  The  result  of  this  analysis  is  given  in  the  accom- 
panying table  under  Analysis  i,  and  the  sample  was  condemned 
on  account  of  the  presence  of  nitrites,  the  high  percentage  of 
albuminoid  ammonia,  and  nitrogen  in  nitrates  and  organic  and 
volatile  matter,  indicating  the  filtration  of  surface  water  of  bad 
cjuality,  apparently  contaminated  with  sewage. 


An  Interesting  Well  Experience. 


383 


Appearance 
Color 


Analysis  1.         Analysis  2. 

I  -  —  - 

Turbid  Clear 


Odor  (heated  lo  100"  F.) 


Chlorine  in  chlorides 

Equiv.  to  sodium  chloride 

Phosphates 

Nitrogen  in  nitrites 

Nitrogen  in  nitrates 

Free  ammonia 

Albuminoid  ammonia 

Total  nitrogen 

Hardness,  equiv.  to  (before  boiling) 
Carbonate  ot  lime  (after  boiling). . . 
Organic  and  vol.  (loss  on  ignition) 

Mineral  matter  (non- volatile) 

Total  solids  (by  evaporation) 


Dark  yel- 
low brown 
Strong,  mar-i 
shy 

1.7500 

2.8900 

None 

0.0002 

0.1972 

0.0005 

o.oioo 

0.2061 

5.4200 

5 . 4200 

5.0000 

8. 1000 

13. 1000 


Bluish 
Earthy 

».435o 
2.3700 
None 
o.ooio 
0.1625 
0.0015 
0.0030 
0.1664 
5. 1200 
5.1200 
5.0000 
8.0000 
13.0000 


Analysis  3. 

Very  slight- 
ly turbid 
L  t  vellow- 
ish  brown 
Earthy 

1.6800 

2.7740 

None 

None 

0.0408 

0.0005 

0.0010 

0.0420 

5.1200 

5.1200 

2.0000 

8.7000 

10.7000 


The  quantities  arc  stated  in  parts  by  weight  in  ioo,oco. 

As  it  did  not  appear  possible  that  any  sewage  could  con- 
taminate the  well,  daily  pumping  was  continued  for  over  two 
months,  when  a  second  sample  was  given  to  Mr.  Beebe  for 
analysis.  The  result  of  this  analysis  is  given  in  under  Analysis  2 . 
While  the  appearance  and  color  of  the  sample  was  undoubtedly 
greatly  improved,  and  the  amount  of  albuminoid  ammonia 
much  reduced,  there  was  a  decided  increase  in  the  nitrogen  in 
the  nitrites  and  in  the  free  ammonia.  Judging  from  the  analysis 
it  would  appear  that  the  organic  matter  of  animal  origin  pres- 
ent was  undergoing  a  greater  degree  of  oxidation  ;  but  the 
analysis  appeared  to  show  that  the  well  was  still  strongly  con- 
taminated by  sewage. 

As  Well  No.  3  had  been  used  continuously  for  ^wq  years, 
and  as  no  sickness  had  been  caused  thereby,  and  as,  from  the 
nature  of  the  ground,  it  did  not  seem  possible  that  sewage  con- 
tamination could  be  present,  even  from  distant  sources,  it  was 
decided  to  make  an  analysis  from  Well  No.  3.  The  result  of 
this  analysis  is  given  under  Analysis  3. 

Comparing  these  analyses,  it  appears  that  the  waters  of  the 
three  wells  are  of  the  same  general  character,  and  evidently 
come  from  the  same  sources  of  supply.      There  was  a  marked 
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difference,  however,  in  the  quantity  of  nitrogen  present,  and  in 
the  free  and  albuminoid  ammonias.  The  reduction  in  the  quan- 
tity of  total  solids  by  evaporation  was  probably  due  to  the 
longer  period  of  use,  which  had  thoroughly  cleared  the  well. 
It,  therefore,  seemed  that  the  apparent  CQntamination  of  Well 
No.  2  was  entirely  due  to  the  effects  of  the  dynamite  exploded 
in  Well  No.  i,  and  for  domestic  purposes  it  was  just  as  good  as 
that  obtained  from  Well  No.  3.  The  slight  improvement  be- 
tween the  first  and  second  analyses  of  Well  No.. 2  was  proba- 
bly due  to  the  continued  pumping,  which  also  sucked  into  it 
from  Well  No.  i  certain  quantities  of  nitrogen,  which  showed 
in  the  increase  of  the  nitrates,  as  well  as  in  the  increased 
amount  of  free  ammonia. 

It  will  probably  be  many  months  before  the  apparent  con- 
tamination will  be  exhausted. 


THE  MAXIMUM  POSSIBLE    EFFICIENCY  OF  GALVANIC 

BATTERIES.* 

RV  PRESinENT    HENRY  MORTON,    PH.D. 

To  discuss  this  question  in  an  exact  and  numerical  manner, 
it  will  be  necessary  to  indicate  with  precision  what  class 
of  batteries  are  referred  to,  and  I  will  therefore  say  at  the 
outset  that  I  refer  only  to  those,  which  lonj^  experience  has 
proved  to  be  the  most  efficient  in  supplying  large  currents,  ex- 
cluding those  of  the  Leclanche  type,  which  yield  only  feeble 
currents. 

In  all  the  batteries  to  which  I  now  refer  there  are  the  fol- 
lowing common  features: 

1st.  The  energy  is  derived  from  the  combination  of  zinc 
with  dilute  sulphuric  acid. 

2d.  The  supply  of  oxygen  required  for  this  combination 
is  obtained  directly  orultimately  by  the  decomposition  of  water 
or  some  other  compound  in  aqueous  solution. 

In  other  words,  the  batteries  here  considered  are  the  .Smee. 
the  Daniels,  the  Grove  or  Bunsen,  and  the  various  forms  in 
which  chromic  acid  is  the  oxygen-supplying  substance,  which 
may  be  indicated  by  the  name  of  Poggendorff,  who  was  the 
first  to  suggest  its  use. 

This  being  premised,  we  can  begin  with  the  followinggcne- 
ral  statement  of  principles: 

1st.  The  source  of  energy  being  the  reaction  between  the 
metallic  zinc  and  the  dilute  acid,  its  amount  can  be  expressed 
in  British  thermal itnits  as  follows:  Oxidation  of  zinc,  2340  B.T.r.; 
solution  of  oxide  in  dilute  sulphuric  acid,  666  B.  T.  U.;  or  in  all 
3006  B.  T.U.,  as  the  total  energy  developed  by  the  union  of  the 
zinc  and  acid. 

No  arrangement  ot  parts  or  employment  of  one  material 
or  another  in  other  parts  of  the  cell,  or  for  other  parts  of  the 
reaction  can  add  anything  to  this;  but.  on  the  other  hand,  there 
must  always  be  more  or  less  subtracted  from  it,  to  meet  the 
demands  of  the  reaction,  to  sa\'  nothin<jf  of  internal  resistance 
of  the  solutions,  local  action,  etc. 

In  order  that  the  zinc  should  combine  with  the  acid,  the 
hydrogen  wliich  it  displaces  or  whose   ])lace  it  takes,  must  he 

*  From  Ctiss/rr's  JA/^'-^r  j///*- . 
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driven  out  or  otherwise  taken  care  of,  and  this  will  demand  an 
expenditure  of  energy,  greater  or  less,  but  always  consider- 
able. 

For  example,  in  the  Smee  battery  the  hydrogen  is  simply 
driven  out  in  bubbles  of  gas.  To  do  this  requires  2106  B.  T.  U. 
for  each  pound  of  zinc  dissolved.  Taking  this  from  3006  leaves 
only  900  B.  T.  U.  as  eveii  possibly  available  from  each  pound  of 
zinc  consumed  in  a  Smee  battery,  to  say  nothing  of  losses  com- 
ing from  local  action,  resistance,  etc. 

This  difficulty  was  realized  at  an  early  period,  and  was  met 
by  supplying  oxygen  to  take  up  the  hydrogen,  and  so  avoid 
the  great  loss  involved  in  expelling  it. 

To  supply  this  oxygen  various  substances  have  been  used, 
but  the  only  ones  of  practical  importance  are  sulphate  of  cop- 
per, nitric  acid,  and  chromic  acid. 

But  even  with  these  more  or  less  energy  must  be  expended 
in  decomposing  them  and  securing  their  oxygen.     The  ener 
gies  involved  are  as  follows: 

B.  T.  U. 

Sulphate  of  copper,   Daniels'   battery 1587 

Nitric  acid.  Grove's  or  Bunsen's ^83.6 

Chromic  acid,    Poggendorff's >78.5 

If  these  various  amounts  arc  subtracted  from  the  maximum 
thermal  value  of  the  zinc-in-sulphuric-acid-combination,  we 
will  have  for  the  several  batteries: 

H.  T.  U. 

Smcc  battery,  as  before 900 

Daniels'  battery 1419 

Grove's  or  Hunsen's  battery 2722.4 

Poggendorff.     (Chromic  acid) 2827.5 

These  figures  represent  the  absolute  maxima  of  energy  which 
a  pound  of  zinc  could  develop  in  these  forms  of  battery,  ex- 
cluding all  losses  from  resistance,  etc. 

To  get  a  practical  view  of  these  results,  however,  it  will  be 
necessary  to  reduce  them  to  equivalent y^c;/-/^////^j  of  worky  and 
to  horse-power  rates  of  doing  ivork. 

Now,  Joule  has  shown  that  each  B.  T.  U.  equals  772  foot- 
pounds, and  this  means  that  the  energy  expressed  by  the  heat 
which  will  raise  one  pound  of  water  one  degree  Fahrenheit 
(this  is  the  H.  T.  U.)  would  lift  one  pound  772  feet,  or  772 
pounds  one  foot. 

If,  then,  we  multiply  the  figures  given  above,  we  shall  have 
the  various  energies  expressed  in  foot-pounds  of  work. 

In  other  words,  a  pound  of  zinc  consumed  in  these  various 
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batteries  would  develop  the  following  numbers  of  foot-pounds, 

all  losses  from  resistance,  etc.  being  excluded: 

Foot-pounds. 

Smee's  battery 694,800 

Daniel's    **       1,095,468 

Grove's     **       2,101,694 

Poggendorff's 2,182,820 

If  in  each  of  these  batteries  one  pound  of  zinc  was  con- 
sumed in  a  minute,  then  the  above  numbers  of  foot-pounds 
would  represent  the  work  developed  in  a  minute  in  each  case, 
and  to  turn  this  into  horse-power,  we  should  divide  each  num- 
ber by  33,000,  because  a  horse-power  is  a  rate  of  doing  work 
of  33,000  foot-pounds  each  minute.  This  will  give  us  the  horse- 
power represented  by  the  solution  of  one  pound  of  zinc  each 
minute  in  each  battery. 

Smee's  battery 21.05  H.  P.  for  one  minute. 

Daniel's     "     33-19 

Grove's     **     63.66 

Poggendorff's 68.57 

Such  a  rate  of  consuming  zinc  as  a  pound  a  minute,  would 
of  course  require  an  immense  galvanic  battery  and  indeed  it  is' 
usual  to  express  the  consumption  of  fuels  generally  in  pounds 
per  hour.  To  get  the  horse-power  due  to  the  consumption  of 
zinc  at  the  rate  of  a  pound  an  Iwur,  we  divide  the  above  figures 
by  60  (there  being  60  minutes  in  an  hour)  and  this  gives  the 
horse-power  developed  by  a  pound  of  zinc  consumed  during  an 
hour  as  follows: 

Smee's  battery 35  OJ*  about  \  H.  P. 

Daniel's 55  **        "      \ 

Grove's 1 .06  **         "      i 

Poggendorff's 1.14  **         '*    il 

This  shows  that  in  the  best  forms  of  battery  an  allowance 
of  one  horse-power  for  each  pound  of  zinc  consumed  per  hour, 
would  be  a  liberal  one,  if  something  is  allowed,  as  it  must  be, 
for  the  resistance,  local  action,  etc. 

It  may,  however,  be  asked:  If  such  an  improvement  has 
been  made  as  above  shown,  from  the  Smcc  battery  giving  \  to 
the  Poggendorff  yielding  i^  horse-power,  may  we  not  expect 
further  improvements  as  great  in  amount? 

To  this  I  answer  certainly  not  in  this  class  of  batteries. 

The  entire  energy  of  the  reaction  between  the  zinc  and 
dilute  acid  is  3006  B.  T.  U.  This  would  represent  2,320,632. 
foot-pounds  or  70.62  horse-power  for  one  minute,  or  1.17 — say  \\ 
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horsc-povvcr    for   one  hour,  and  this  would  be  an /^/^W///^  ;/i/zjr/- 
ntum  which  could  never  be  reached,  far  less  exceeded. 

Of  course,  if  we  could  use  some  other  and  more  efficient 
reaction  than  that  between  zinc  and  sulphuric  acid,  some  gain 
might  be  secured;  but  nothing  of  that  sort  has  ever  been  accom- 
plished, nor,  from  what  is  known  of  the  combining  or  thermal 
equivalents  of  the  available  elements,  is  much  to  be  expected 
in  that  line.  At  all  events,  we  may  well  accept  this  as  a  certain 
fact,  that  in  any  known  form  of  galvanic  battery  the  round  fig- 
ure of  a  pound  of  zinc  per  horse-power  per  hour,  is  an  outside 
figiire  for  efficiency,  and  when  one  asserts  that  more  than  this 
has  been  secured  there  is  certainly  some  mistake  or  fraud. 


THE  CHEMICAL  AND  PHYSICAL  EXAMINATION  OF  PAPER. 

HV    I'RUF.     TIIOMAS     11.    STII.LM A.\. 
fCuntiiiiieil  from   |i.  >87.l 
■).     Determiniititm  ofthf  wdgltt  per  square  nutrf. 
It  is  best  to  ust,  when  [HissiblL-,  five  different  pieces  of  the 
paper    (from     dif- 
ferent packages  or 
rolls),   each    piece 
.'iboitt  i  square  de- 
cimetre. 

These  arc  placed 

in   a  drying   oven 

and  o.-cposcd  to  a 

temperature  of 

105"    C.    until  the 

weight        becomes 

constant .     The 

weight  of  the  five 

pieces,   multiplied 

by    30.    gives    the 

weight  of  I  square 

metre    of    paper.* 

'1    /  '1  iifimiuilion  of  the  thickness . 

I  lie  thickness  of   paper  can 

be  accurately   determined   by 

thi;    apparatus,   a    sketch     of 

which  is  shown  in  I'"ig.  9. 

By  means  of  a  delicate 
spring,  a  lever,  s^,  is  held 
against.(,,  touching  J,  only  at 
one  point.  S^  carries  a  tooth- 
ed segment,  which  moves  a 
pointer,  r,  along  an  arc  divi- 
ded into  500  parts.  One  di- 
vision represents  0.002  mm.  of 
thickness  of  the  paper  tested. 

•Leiifade.i  fur  Pa|>ier-|>rufiin(;,  \V. 
:i)cr>!,  Herliii,  1RR8. 
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7 .     Determination  of  breaking  strength . 

By  the  strength  of  a  paper  is  understood  the  measurement 
of  the  resistance  it  offers  to  breaking  or  tearing  strains. 
This  resistance  is  always  greater  in  the  direction  of  the  length 
of  the  web  of  paper,  as  it  is  made  on  the  paper-machine,  than 
across  the  web.  On  the  other  hand,  the  amount  of  elongation, 
which  is  measured  while  determining  the  breaking  strain,  is 
greater  in  the  direction  across  the  web  than  parallel  to  it.*  The 
tensile  strength  of  the  sheet,  both  across  and  parallel  to  the 
web,  is  determined  separately,  and  the  average  values  recorded. 
To  ascertain  the  direction  corresponding  to  the  motion  of  the 
paper  machine,  in  any  sample  of  machine-made  paper,  a  circu- 
lar piece  is  cut  and  placed  on  the  surface  of  water,  when  it  will 
be  observed  to  roll  up.  The  diameter  of  the  disk  where  it  is 
not  curved  indicates  the  direction  of  the  length  of  the  web. 
The  strips  of  paper  used  for  ascertaining  the  tensile  strength 
and  elongation  aje  cut  to  the  following  size:  1 80  mm.  long  by 
15  mm.  broad.  Five  strips,  at  least,  are  taken  from  different 
sheets  and  representing  the  length  and  across  the  web,  in  order 
to  obtain  good  average  values.  These  strips  must  be  carefully 
cut:  the  edges  should  be  smooth  and  run  parallel.  Cutting 
tools  arc  provided  for  this  purpose,  consisting  of  an  iron  ruler 
and  plates  of  zinc  or  glass. 

Before  determining  the  tensile   strength    and    elongation, 
careful  attention  must  be  paid  to  the  amount  of  moisture  in  the 
atmosphere.     The  breaking  strain  of  paper  decreases   with  in- 
crease of  moisture  in  the  air,  while  under  the  same  influence  the 
percentage  amount  of  elongation  increases.     The  humidity  oi 
the  atmosphere  is  very  important  when  testing  animal-sized  pa- 
per and  should  on  no  account  be  overlooked.   Indeed,  the  break- 
ing strain  values  can  only  be  compared  when  they  are  obtained 
in  atmospheres  of  equal  humidity.  The  percentage  atmospheric 
humidity  chosen  is  65,  becaase  it  is  much  easier  to  add  moist- 
ure to  the  atmosphere   than  abstract  moisture  from  it.    The 
former  is  done  by  boiling  water  in  the  room.     The   instrument 
in  use  for  measuring  the  humidity  of  the  air  is  the  Koppc-Sauss- 

*  Verhandlunp  des   \'(Teins  ziir   Ik'forderung   des   Gewerbefleisses  i" 
I'reusscn;  1885. 
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ure*s  air  hygrometer.  Before  testing,  the  strips  of  paper  are 
placed  in  the  room  for  at  least  two  hours.  The  principal  ma- 
chines in  use  for  determining  the  breaking  strength  of  paper 
are: 

The  Hartig'Rensch^  the  IVendler  and  the  Cliopper  Apparatus; 
a  description  of  the  Wendler  being  given  herewith. 

This  machine  is  used  for  ascertaining  the  strength  and 
elasticity  of  paper.  It  consists  in  the  main  of  four  parts;  Fig.  10. 


Fk;.  10. 

1.  The  driver. 

2.  Apparatus  for  mounting. 

3.  Apparatus  for  transmission  of  power. 

4.  Apparatus  for  measuring  force  and  stretch. 

The  driving  is  pr6duced  by  a  hand-wheel,  a.  The  hub  of 
this  wheel  turns  in  the  bearing  /,  which  is  cast  in  one  piece  with 
the  bed,  d.  The  screw,  h,  is  led  through  this  hub,  which  is  hol- 
low, and  is  fastened  to  the  slide  r.  and  through  its  agency  the 
slide  is  moved.  The  hand-wheel, is  equipped  with  a  bolt-nut, 
consisting  of  the  shell  /,  and  two  split  nuts,  which  may  be 
opened  or  closed  by  means  of  a  worm,  according  as  the  motion 
of  the  slide  is  to  be  produced  by  the  hand  alone  or  through  the 
agency  of  the  wheel. 

The  mounting  apparatus  consists  of  two  clamps  k,  X'j,  the 
the  first  fastened  to  the  carriage  7f,  the  second  to  the  slide  c.  Be- 
tween the  jaws  of  these  clamps  the  paper  to  be  tested  is 
stretched.  The  jaws  of  these  clamps  are  normal  to  the  axis  of 
stress,  wave-shaped,  and  are  lined  with  leather,  in  order  to  pre- 
vent the  slipping  of  the  strip  in  the  clamps.  The  jaws  are 
pressed  together  by  means  of  the  screws  j,,  s^. 

The  transmission  of  the  force  is  done  in  this,  as  in  most  of 
this  class  of  machines,  by  means  of   a    spiral  spring,  those   of 
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Wendler's  apparatus  possessing  respectively  a  maximum  force 
of  9  and  20kgs.  The  spring  is  held  at  one  end  by  means  of  the 
shell  /,  which  is  fastened  to  the  bed  d,  at  the  other  by  the  car- 
riage w.  The  rack  /  is  fastened  to  the  carriage  n\  and  passes 
through  the  shell  i.  Fastened  to  the  bed  by  means  of  screws 
arc  the  catches  g,  which  work  in  the  teeth  of  the  rack,  and 
which,  as  soon  as  the  paper  tears,  prevent  the  spring  from 
flying  back. 

The  measurement  of  the  force  is  performed  as  follows: 

By  means  of  the  lever  //  the  carriage*pushes  the  pointer  d 
before  it,  which  travels  on  the  graduated  bar,  r.  The  pointer 
has  a  zero  mark  from  which,  after  the  breaking  of  the  paper, 
the  breaking  strength  is  read  in  terms  of  kilograms. 

The  measurement  of  the  elasticity  is  done  by  reading  the 
movement  of  the  pointer  in  the  opposite  direction  along  the 
measuring  rod  o,  graduated  according  to  the  percentages  on  a 
strip  i8o  mm.  in  length.  After  the  breaking  of  the  paper,  the 
stretch  can  be  read  directly  in  per  cent. 

In  order  to  test  paper  with  this  apparatus,  one  adjusts  the 
force  measuring  rod,  by  raising  the  catches,  setting  the  spring 
in  oscillation,  allowing  it  to  come  to  rest  and  then  carefully 
sliding  the  pointer  down  until  it  touches  the  lever.  Observe 
whether  tlie  zero  of  the  pointer  agrees  with  that  of  the  measur- 
ing rod.  If  this  is  not  the  case,  the  latter  is  moved  until  both 
coincide.  The  spring  is  now  f-istened  by  means  of  a  screw/, 
and  the  sled  is  moved  until  the  zero  marks  of  both  sled  and 
stretch-measuring  rod  coincide.  Take  a  piece  of  the  paper  to 
be  tested,  previously  cut  to  standard  size,  clamp  it  in.  loosen  the 
screw  /,  drop  the  catches  and  begin  the  experiment,  giving  the 
wheel  a  slow  and  uniform  motion.  After  breaking  tiie  paper, 
read  off  the  loading  as  well  as  the  stretch,  relieve  the  spring  by 
holding  the  carriage  still  with  one  hand,  loosening  the  catches 
with  the  other  and  allowing  the  spring  slowly  to  slide  back 
into  place. 

In  order  to  insert  a  new  spring,  take  the  carriage  and  by 
means  of  it  push  the  spring  in  the  direction  of  the  screw  /,  turn 
the  spring  through  90^'  and  take  out  the  carriage  and  the 
rack. 

In  conducting  the  experiments,  strips  180  mm.  long  and  15 
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mm.  broad  should  be  used,  and  not  less  than  five  cut  from  each 
direction. 

In  order  to  render  the  result  independent  of  the  cross  section, 
use  is  made  of  the  example  of  Profs.  Reuleaux  and  Hartig. 
Using  for  the  measure  of  strength  of  paper  the  '*  tearing 
length,"  which  is  the  length  of  a  strip  of  paper  of  any  breadth 
and  thickness,  which,  if  hung  up  by  one  end,  would  break  in 
consequence  of  its  own  weight. 

Let  X  =  unknown  tearing  h:ngth. 

G  =  wt.  of  the  torn  strip  (in  0.18  mm.  length), in  grams. 

K  =  no.  of  kilos  necessary  to  tear  strip. 

.         0.18     X  0.18  ,,^ 

then       .,  =  _       or        .1  =      ,~.   K* 
G       A  ,  G 

For  testing  materials  which  require ^ti ore  power  to  break 

han  paper,  as  for  instance  cardboard,  Schopper  has  constructed 

a   more    powerful   apparatus,  which    has  a  maximum   force  of 

150  kgs.     As  the  apparatus  is  built    on   the  same   fundamental 

principles  as  the  "  Wendler,"  a  description  here  is  needless. 
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E.  F.  C.  DAVIS. 

I.ATE  I'RESIDKNTOF  THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS. 

The  Council  of  the  American  Societv  of  Mechanical  En- 
ginccrs  entered  upon  its  records  and  those  of  the  Society  the 
following  minute  expressive  of  the  respect  and  regard  felt  by 
its  members  for  their  l|tc  President,  Mr.  K.  F.  C.  D.ivis.  whose 
death  from  an  accident  was  so  sudden  and  untimelv. 

*•  The  formal  mould  of  memorial  resolutions  in  which  a 
corporate  body  ordinarily  records  its  action,  seems  inadequate 
for  a  proper  voicing  of  the  spirit  which  pervades  the  council 
in  the  presence  of  the  death  of  one  whom  its  members  had 
known  so  well  iind  whom  thc\'  had  learned  to  admire  and  love. 
His  wise  and  mature  judgment,  his  business  and  professiontil 
knowledge,  his  conservative  yet  energetic  counsel  and  his  cour- 
teous consideration  for  others  had  made  him  one  from  whose 
administration  of  the  Societ}*s  affairs  the  highest  hopes  had 
been  entertained. 

**  Although,  with  such  grief  the  stranger  intermeddleth  not, 
yet  the  council  would  presume  to  express  their  heartfelt  syni- 
path\'  with  those  nearest  and  dearest  to  Mr.  Davis  upon  whom 
this  blow  has  so  crushingly  fallen." 
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(Continued  from  page  307.) 

No.  4. 
Extract  of  a  letter  from  Robert  R.  Livingston,  Esq 

Alhaxy,  March  11,  1812. 
Dear  Sir  : 

I  did  not  till  yesterday  receive  yours  of  the  25th  of  Febru- 
ary; where  it  has  loitered  on  the  road  I  am  at  a  loss  to  say.  I 
had  before  read  your  very  ingenious  propositions  as  to  the  rail- 
way communication.  I  fear,  however,  on  mature  reflection, 
that  they  will  be  liable  to  serious  objections,  and  ultimately 
more  expensive  than  a  canal.  They  must  be  double,  so  as  to 
prevent  the  danger  of  two  such  heavy  bodies  meeting.  The 
walls  on  which  they  are  placed  must  at  least  be  four  feet  below 
the  surface,  and  three  above,  and  must  be  clamped  with  iron, 
and  even  then  would  hardly  sustain  so  heavy  a  weight  as  you 
propose  moving  at  the  rate  of  four  miles  an  hour  on  wheels. 
As  to  wood,  it  would  not  last  a  week;  they  must  be  covered 
with  iron,  and  that,  too,  very  thick  and  strong.  The  means  of 
stopping  these  heavy  carriages  without  a  great  shock,  and  of 
preventing  them  from  running  upon  each  other  (for  there  would 
be  many  on  the  road  at  once),  would  be  very  difficult.  In  case 
of  accidental  stops,  or  the  necessary  stops  to  take  wood  and 
water,  etc.,  many  accidents  would  happen.  The  carriage  of 
condensing  water  would  be  very  troublesome.  Upon  the  whole, 
I  fear  the  expense  would  be  much  greater  than  that  of  canals, 
without  being  so  convenient. 

No.  5. 
Answer  to  Robert^R.  Livingston's  Objections. 

New  York,  March  16,  1S12. 
Dear  Sir  : 

Yours  of  the  nth  inst.  1  have  just  now  received,  and  as  you 

probably  will  not  remain  in  Albany  until  this  letter  reaches  that 
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place.  I  have  directed  it  to  Mr.  G.  Morris,  that  the  Commis- 
sioners may  be  duly  apprised  of  the  answers  I  shall  give  to  your 
objections  against  the  proposed  railways. 

"  I  fear,"  you  say,  **  the  expense  would  be  much  greater 
than  that  of  canals."  1  have  in  my  memoir  stated  the  expense 
of  the  railways  at  one-fourth  of  that  of  a  canal;  and,  for  the 
reasons  I  shall  now  assign,  I  am  now  convinced  the  difference 
of  expense  between  them  will  be  much  greater,  if  wood  only 
is  used. 

The  Commissioners  have  estimated  the  expense  of  exca- 
vating a  canal  fifteen  yards  wide,  and  three  feet  deep,  '*at$l,- 
500.000,  drawn  through  a  favorable  soil  lying  conveniently, 
without  the  opposition  of  rocks  or  other  impediments.  Many 
of  these,  however,  must  be  expected,  and  perhaps  double  that 
sum." 

Thus,  then,  the  cost  of  the  canal  merely  is  estimated  by  the 
Commissioners  at  $3,000,000.  "  If  the  locks  be  put  at  $1,500,- 
000,  it  is  the  lowest  rate  that  can  prudently  be  supposed.  It 
would,  indeed,  be  safer  to  set  them  at  two  millions." 

Not  one  shilling  of  this  aggregate  sum  of  five  millions 
would  be  required  in  the  erection  of  railways.  **  There  will  still 
remain  for  aqueducts,  embankments  and  mounds  a  consider- 
able expenditure."  and  "  it  is  believed  that  one  million  of  dol- 
lars would  provide  for  everything  of  this  sort."  Nearly  one- 
half  of  this  sum  would  be  required  in  constructing  a  mound 
over  the  Cayuga  Lake  one  hundred  and  thirty  feet  high,  sixty 
feet  wide  at  top,  with  a  base  of  one  hundred  and  ninety  feet 
at  bottom,  whereas  the  railways  would  not  require  a  mound  at 
this  place  of  one-tenth  part  of  this  magnitude,  and  so  in  pro- 
portion throughout  the  whole  distance.  We  will,  however, 
estimate  the  nccessar>' embankments,  mounds,  etc.  (aqueducts 
none  would  be  wanted  )  at  half  a  million  of  dollars.  There  now 
remains,  then,  the  cost  of  the  railways  to  be  calculated.  I  shall, 
in  the  first  instance,  suppose  the  whole  to  be  constructed  of 
wood.  Calculating  timber  at  New  York  price  of  twelve  and  a 
half  cents  per  cubic  foot,  four  rails,  then,  of  six  inches  wide,  by 
twel\c  inches  deep,  would  make  two  cubic  feet,  or  twenty-five 
cents  a  foot  running  measure,  equal  to  $1,320  per  mile.  The 
})osts  or  pillars,  say  eight  feet  long,  at  twenty-five  cents  apiece. 
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twelve  feet  apart,  four  rows  would  be  one  dollar  for  every  twelve 
feet,  or  $440  per  mile,  trigging  holes,  setting  posts,  braces, 
and  carpenter  work,  $740.  Total,  $2,500  per  mile,  or  $750,000 
for  the  whole  distance  of  three  hundred  miles.  This  sum  of 
$750,000,  added  to  $500,000  estimated  for  embankments,  mounds, 
etc.,  makes  an  aggregate  sum  of  $1,250,000  for  the  whole  ex- 
pense of  the  railways.  And  should  they  even  require  to  be 
totally  renewed  once  in  every  ten  years,  still  a  capital  of 
$1,500,000,  or  double  the  sum  of  $750,000,  would  be  more  than 
adequate  to  the  purpose. 

For  the  reasons  already  assigned  in  the  memoir,  these 
wooden  ways  must  be  much  more  durable  than  the  plank  on  a 
bridge;  and  I  must  confess  I  do  not  perceive  on  what  grounds 
you  found  your  assertion,  when  you  say  that  they  would  not 
last  a  week. 

But  were  we  to  admit  the  absolute  necessity,  in  the  first 
instance,  of  shoeing  these  railways  with  iron,  the  whole  expense 
of  them  would  fall  far  short  of  the  cost  of  a  canal.  For  this 
purpose  I  should  prefer  plate  iron  of  about  an  eighth  of  an  inch 
thick.  Such  plates,  I  presume,  might  be  procured  for  twelve 
and  a  half  cents  per  pound,  at  which  rate  the  shoeing  four  rails 
would  cost  somewhat  less  than  $4,000  per  mile,  or  $1,200,000 
for  the  whole  distance.  Should,  however,  cast  iron  be  preferred 
plates  of  an  inch  thick  would  cost  for  the  whole  distance  about 
$3,000,000. 

These  plates,  provided  they  remained  unaffected  by  frost, 
would  hist  an  age,  and,  by  protecting  the  wooden  ways  from 
the  effects  of  the  weather,  will  render  them  also  very  durable. 

One  manifest  advantage  would,  however,  attend  the  adop- 
tion of  these  railways;  we  would  be  able  to  count  the  cost  of 
the  undertaking  with  sufficient  accuracy  before  the  business  was 
commenced,  whereas  the  cost  of  a  canal  is,  in  a  great  measure 
conjectural,  and  may,  at  all  events,  be  estimated  at  more  than 
double  the  sum  calculated  upon  by  the  Commissioners. 

But,  after  all,  1  must  beg  leave  to  refer  once  more  to  the 
very  judicious  observations  of  the  Commissioners  on  the  sub- 
ject of  expense.  **  No  supposable  expense  can  bear  an  undue 
proportion  to  the  value  of  the  work.  Thus,  were  it  (by  giving 
a  loose  to  fancy)  extended  to  fifty  millions  of  dollars,  even 
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that  enormous  sum  does  not  exceed  half  the  value  of  what,  in 

« 

all  human  probability,  and  at  no  distant  period,  will  annually 
be  carried  along  the  canal.  The  more  proper  question,  per- 
haps, is.  in  what  time  can  it  be  effected  r" 

Were  I  not  thoroughly  convinced  of  the  'many  superior 
advantages  of  the  proposed  railways  over  canals,  the  mere  sav- 
ing of  expense  would  not  alone  induce  me  to  press  their  adoption. 
But  were  railways  to  cost  fifty  millions  of  dollars,  whilst  a  canal 
could  be  completed  for  five,  yet  if  there  is  any  truth  in  my  cal- 
culations, still  the  railways  would  ultimately  prove  the  cheap- 
est. Two-thirds  of  the  expense  of  transportation  would  be 
saved  by  substituting  railways  in  the  place  of  a  canal.  The 
period  is  not  far  distant,  then,  when  the  annual  amount  of  this 
saving  would  be  equal  to  legal  interest  on  a  capital  of  fifty  mill- 
ions, even  should  the  calculation  be  founded  on  the  supposition 
that  the  increase  of  population  in  the  western  country  should 
in  future  be  in  no  greater  ratio  than  what  it  has  been  for  the 
last  ten  years.  But  the  increase  of  population  will  most 
assuredly  be  in  a  much  greater  ratio,  more  especially  should 
these  railways  be  speedily  completed. 

When  you  sav  that  a  thick  stone  wall,  ''clamped  with  iron, 
could  hardly  sustain  so  heav\'  a  weight,  moving  at  the  rate  of 
four  miles  an  hour  on  wheels,"  you  appear  to  ha\'c  formed  an 
erroneous  idea  of  the  distribution  of  the  weight.  One  hundred 
tons  placed  on  four  wheels  would  indeed  be  a  very  "heavy 
weight,"  but  it  is  not  contemplated  to  put  nn)re  than  one  ton 
on  four  wheels,  or  certainU'  not  more  than  two  tons,  which 
would  be  only  five  hundred,  or,  at  most,  one  thousand  pounds 
on  each  wheel.  So  moderate  a  weight  could  surely  have  liitlc 
or  no  tendencx'  to  crush  down  the  ways,  and  the  quicker  the 
passage  of  the  wheels  over,  then  the  less  would  be  this  tendency. 

Hut  I  am  surprised  that  you  should  consider  canals  as  beinj^ 
more  convenient  than  the  proposed  railwa\'s.  I  must  own  that 
I  am  not  able  to  perceive  that  canals,  in  this  resi)ect,  have  in 
an\^  one  particular  a  preference  over  them;  but,  on  the  contrary, 
they  have  in  many  respects  a  preference  over  cann.ls. 

In  the  first  place,  as  there  are  no  locks  to  pasi-;  through, and 
separate  ways  for  the  up  and  down  transit,  there  can  never  be 
any  interruptions  or  dettfntions.     And  everyone, -whether  he  is 
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induced  to  travel  either  by  business  or  pleasure,  can  calculate 
with  certainty  and  precision  when  he  will  arrive  at  the  end  of 
his  journey;  I  may,  indeed,  say,  with  almost  absolute  certainty; 
for  it  must  be  recollected  that  the  simplicity  and  equable  mo- 
tion of  the  machinery,  and  the  perfect  uniformity  of  the  work- 
to  be  performed,  precludes  almost  entirely  the  possibility  of 
derangement.  Wind  and  tide,  rough  and  smooth  water,  light 
or  darkness,  would  have  no  influence  whatever  over  steam  car- 
riages moving  on  these  ways. 

It  cannot  be  denied,  then,  that  these  circumstances  must 
render  the  travel  on  these  railways  very  convenient.  But  it  is 
not  the  certainty  alone,  but  the  celerity  and  dispatch  of  this 
mode  of  traveling  which  gives  it  so  decided  a  preference  to 
navigating  on  a  canal,  and,  indeed,  to  every  other  mode  of  con- 
veyance. The  farmer  who  carries  his  produce  to  market  will, 
by  means  of  this  mode  of  conveyance,  save  three  days  out  of 
four.  And  by  means  of  it,  also,  the  traveler  will  in  one  day 
perform  more  than  a  weeks  journey  on  a  canal. 

But  *'  many  accidents  would  happen  by  carriages  running 
against  each  other,  in  case  of  accidental  or  necessary  stops/ 
There  are  easy  and  obvious  modes  of  effectually  guarding 
against  all  accidents  of  this  sort.  In  the  first  place,  deposits  of 
wood  and  water  must  be  formed  every  ten  or  twelve  miles;  and 
each  suit  of  carriages  must  make  no  regular  halt  except  at  those 
places.  As  to  accidental  stops,  these,  for  the  reasons  assigned 
above,  will  very  rarely  or  never  happen.  The  stopping-places 
must,  of  course,  be  always  on  level  ground.  And  it  must  be 
an  invariable  and  established  rule,  that  all  the  carriages  which 
stop  at  one  time  and  place  be  firmly  connected  to  each  other. 

Whilst  these  regulations  are  strictly  observed,  no  accidents 
of  this  sort  can  ever  happen.  The  conductor  of  each  suit  of 
carriages  is  precisely  acquainted  with  the  position  of  every 
stopping-place,  and  governs  him.self  accordingly.  He  takes 
care  to  bring  to  in  time,  so  as  not  to  run  against  other  carriages; 
and  should  it  be  necessary  (although  I  am  inclined  to  think  it 
will  not)  means  might  readily  be  taken  to  bring  to  more  expe- 
ditiously. For  the  accommodation  of  carriages  for  carrying 
passengers  it  will  be  very  practicable  and  easy  to  contrive,  at 
each  of  these   stopping-places,  a  mode  of  turning   out  on  the 
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adjoining  ways,  so  as  to  admit  of  their  passing  the  carriages  for 
the  transport  of  heavy  articles. 

•*  But  the  means  of  stopping  these  heavy  carriages  without 
a  great  shock  would  be  veiy  difficult."  It  is  very  surprising 
that  you  should  apprehend  the  least  difficulty  about  a  thing  so 
easy  to  effect.  On  stopping  the  engine,  the  friction  of  the 
wheels,  turning  on  their  axis,  will  gradually  retard  the  motion  , 
of  the  whole  suit  of  carriages  (the  friction  operating  uniformly 
at  the  axis  of  each  wheel),  till  at  length  they  will  all,  almost 
imperceptibly,  became  stationary,  without  the  possibility  of 
producing  anything  like  a  sliock. 

'*  The  carriage  of  condensing  water  would  be  very  trouble- 
some." I  am  persuaded  you  would  never  have  advanced  this 
objection,  had  you  adverted  to  the  circumstance  of  my  stating 
expressly  in  the  memoir  that  the  engine  was  to  be  wrought  by 
the  elasticity  of  the  steam  merely. 

I  have  now  fully,  and,  as  I  conceive,  satisfactorily  answered 

every  objection  you  have  urged,  and,  of  course,  they  have  only 

served  to  establish  more  firmly  in  my  mind  the  very  favorable 

sentiments   I   entertain   respecting  the  practical  utility  of  the 

proposed   railways. 

Yours,  &c., 

John  Stevkns. 

Addressed   to   Gouverncur   Morris,  Ksq.,  Chairman   to  the 
Hoard  of  Commissioners  for  Inland  Navigation. 

No.  6. 

The  following  is  a  copy  of  a  letter  addressed  to  Gouverneur  Morris,  Esq. 
Chairman  to  the  Commissioners  for  the  Improvement  of  Inland  Navi- 
iration  : 

Nb:w  York.  March  ii.  1812. 
Sir  : 

I  lately  inclosed,  in  a  letter  directed  to  De  Witt  Clinton, 
Ksq.,  a  memoir  addressed  to  the  Commissioners,  which,  no 
doubt,  he  has  communicated  to  the  Hoard.  In  this  memoir  1 
have  endeavored  to  prove,  and  I  hope  not  unsatisfactorily,  the 
great  superiority  of  the  proposed  railways,  to  canals.  The  only 
question  then  is,  whether  steam-engines  can,  without  much  dif- 
ficulty, be  applied  to  the  purpose  of  propelling  carriages.      To 
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the  expression  of  an  opinion  on  this  matter,  I  certainly  have 
some  pretensions  to  competency.  After  having  then  maturely 
considered  the  subject,  I  am  firmly  convinced  that  steam-en 
gines  can  be  applied  to  propelling  carriages  on  these  railways, 
with  much  more  facility  than  they  are  now  made  use  of  for  pro- 
pelling boats.  The  machinery  of  a  steam-engine  requisite  for 
propelling  carriages  may  be  simplified  greatly.  Cog-wheels, 
air-pumps,  condensing  apparatus,  plug  frame,  and  fly-wheels 
can  all  be  dispensed  with.  Of  course,  then,  the  liability  of  the 
machinery  to  derangement  will  be  proportionably  diminished. 
But  to  place  this  matter  beyond  all  possibility  of  doubt,  let  it 
be  subjected  to  the  infallible  test  of  actual  experiment.  As  has 
been  already  stated  in  my  letter  to  Mr.  Clinton,  "  an  experi- 
ment sufficiently  extensive  to  ascertain  unquestionably  the  real 
merits  or  demerits  of  this  proposed  plan  could  be  tried  at  the 
expense  of  two  or  three  thousand  dollars."  It  remains,  then, 
for  the  Commissioners  to  determine  whether  the  advantages 
which  this  plan  promises  afford  sufficient  inducements  to  au- 
thorize them  to  recommend  an  appropriation  of  a  moderate 
sum,  to  be  applied  to  the  making  of  the  necessary  experiments. 
I  now  pledge  myself  that  the  expense  of  these  experiments 
shall  not  exceed  $3,000. 

I  am  aware  how  unnecessary  it  would  be  to  attempt  to 
point  out  to  you  the  magnitude  and  importance  of"  the  conse- 
quences which  must  necessarily  result  from  these  railways  and 
steam-carriages  coming  into  general  use.  The  communications 
between  the  extremes  of  this  extensive  empire  would  be  ren- 
dered beyond  all  conception  rapid,  and,  at  all  seasons,  and  in 
all  w-eathers,  invariably  certain.  What  influence  tiicse  circum- 
stances would  have  on  the  moral,  political,  and  intellectual  at- 
tainments of  the  citizens  of  these  States,  cannot  now  be  duly 
appreciated  ;  but  unquestionably  their  permanent  prosperity 
and  happiness,  as  well  as  temporary  case  and  comfort,  would  be 
greatly  promoted. 

Should  any  objections  occur,  either  to  yourself  or  any  of 
the  rest  of  the  members  of  your  Hoard,  against  the  plan  I  have 
submitted  to  their  consideration,  you  will  confer  a  particular 
favor  by  stating  them  to  me.  Pardon  the  trouble  which  my 
solicitude  on  this  subject  occasions.      1  must  confess  that,  hav- 
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ing  been  somewhat  instrumental  in  the  introduction  of  the  art 
of  propelling  boats  by  means  of  steam,  I  feel  ambitious  of  the 
honor  of  introducing  the  application  of  the  same  agent  to  pro- 
pelling carriages.  And  as  steam-boats  have  been  first  brought 
into  practical  use  on  the  waters  of  the  Hudson,  so  I  hope  and 
trust  that  it  will  not  be  long  before  the  abundant  products  of 
our  interior  will  be  conveyed  to  the  banks  of  this  noble  river 
by  means  of  steam-carriages. 

I  am,  Sir, 

Yours,  &c., 

John  Stevens. 

No.  7. 

The  following  is  a  copy  of  a  letter  ftoin  Mr.  G.  Morris. 

Alhaxv,  March  16,  1812. 
Sir  : 

I  am  directed  bv  the  Board  of  Commissioners  to  trans- 
mit  the  inclosed  copy  of  a  report  made  by  the  Committee  to 
which  your  letter  was  referred.  I  avail  m\'self  of  the  opportu- 
nity to  present  the  assurances  of  that  respect  with  which  1  have 
the  honor  to  be. 

Sir,  \'our  obedient  servant. 

(ioiVKKNEl'K   MoKKls. 

No.  S. 

Copy  «)f  the  report  of  the  Coniniittee. 

The  Committee  to  whom  was  referred  the  communication 
from  John  Stevens,  Mscj..  reconnnending  the  construction  ofii 
wooden  railwa\'.  report  : 

That  the\*  have  considered  the  said  communication  with 
the  attention  due  to  a  gentleman  whose  scientific  researches 
and  knowledge  of  mechanical  powers  entitle  his  opinion  to 
great  respect,  and  are  sorry  not  to  conciu'  in  them. 

Mr.  .Stevens  proposes  a  railway  on  ivhich  a  steam-engine 
is  to  propel.  b\'  a  force  ecjiial  to  the  competent  number  ot 
liorses,  100  tons  at  the  rate  of  four  miles  an  hour. 

As  horses  move  on  the  eartli,  when  drawing  a  weight,  it  is 
believed  that  an  etjual  power  must,  to  produce  the  same  effect. 
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have  sufficient  hold  on  the  earth ;  and  it  is  doubted  whether  an 
engine  in  a  wagon  can  work  it  forward  with  as  much  advantage 
as  horses  on  a  road. 

If  the  engine  turn  the  wheels,  and  propel  the  weight  by 
their  friction  on  the  railways,  it  may  be  questioned  whether 
the  effect  will  equal  expectation. 

The  rims  of  the  wheels  (however  accurate)  will,  it  is  ap- 
prehended, impede  (by  their  friction)  the  progressive  motion. 
Such,  at  least,  would  be  the  case  were  the  wagon  drawn  by 
horses. 

Friction  must  be  increased,  if  the  logs  of  the  railway 
should  warp.  And  it  may  be  doubted  whether  workmen  could 
be  found  of  sufficient  skill  (even  could  they  have  a  choice  of 
seasoned  timber)  to  prevent  the  warping  of  logs  by  change  of 
weather  from  hot  to  cold,  and  from  wet  to  dry. 

If  the  rims  and  railway  should  not  fit  exactly,  there  might 
result  such  variance  of  direction  as  would  bring  the  rims  to  cut 
the  rails.  But  if  the  wheels  fit  exactly  when  the  logs  are  green 
or  wet,  they  can  do  so  no  longer  when  those  logs  become  sea- 
soned and  dry.  If,  on  the  contrary,  the  railway  should  be  con- 
structed of  dry  or  seasoned  stuff,  wheels,  when  well  fitted  to  it, 
would,  when  rain  or  damp  air  had  swollen  the  rails, be  squeezed 
along  with  difficulty. 

Supposing,  nevertheless,  that  non-elastic,  incompressible 
railways  were  so  constructed  as  not  to  warp,  the  slightest  fail- 
ure of  foundation  on  either  side  would  give  a  bias  which  (to 
use  a  workman's  phrase),  throwing  it  out  of  truth,  might  occa- 
sion its  destruction  by  lateral  pressure. 

But  the  result  just  mentioned  would  be  produced  unless 
foundations  are  laid  below  the  power  of  frost,  and  of  materials 
sufficiently  solid  to  bear  the  great  incumbent  pressure  proposed 
in  the  shock  of  rapid  motion. 

And  thus  we  are  definitely  led  to  ask  whetlier  a  railway  can 
be  constructed  of  sufficient  strength.  It  is  proposed  that  one 
hundred  tons  be  put  in  motion  on  it,  at  the  rate  of  four  miles 
per  hour,  which  is  nearly  two  yards  in  a  second.  If  this  motion 
were  produced  by  force  fixed  to  the  earth,  it  must  not  only  be 
equal  to  the  weight  multiplied  into  the  velocity,  but  as  much 
greater  as  would  be  needful  to  overcome  the  resistance  of  fric- 
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tion.  No  formula  has  yet  been  discovered  by  which  to  calcu- 
late the  proportion  between  power,  friction  and  effect,  but 
experience  has  demonstrated  that  friction  is  always  a  deduction 
from  power.  When  that  operates  (as  is  supposed  to  be  intended 
on  the  present  occasion)  by  friction  at  the  circumference  of 
wheels,  overcoming  that  which  isat  their  axis  (and  propelling  so 
great  a  weight),  the  deduction  must  be  greater  than  in  common 
cases.  Put  it,  however,  for  the  present,  at  nothing,  and  for  the 
weight  of  wagon,  steam-engine  and  fuel  allow  nothing;  still  we 
shall  have  force  lOO  and  weight  lOO  (together  200),  working 
with  a  velocity  of  four  miles  per  hour  by  friction  on  a  railway. 
It  does  not  seem  probable  that  a  way  could  be  made  of  suffi- 
cient strength. 

But,  if  it  can,  the  committee  conceive  that  it  must  be  com- 
posed of  materials  much  more  solid  and  durable  than  wood. 
Moreover,  as  it  is  self-evident  that  the  same  wav  will  not  serve 
for  carriages  going  and  returning,  the  expense  which  would  (it 
is  conceived)  for  a  single  way  exceed  that  of  a  canal  must  be 
doubled,  and  would  therefore  render  the  construction  unadvis- 
able,  were  it  sanctioned  by  experience. 

A  true  copy  from  the  minutes. 

John  L.  Morton, 
Secretary  to  the  Canal  Commissioners. 

No.  9. 
Answer  to  the  Report  of  the  Committee. 

The  objections  urged  against  the  proposed  railways  in  the 
above  report  of  the  Committee  appear  to  me  so  void  of  real 
foundation  that  I  am  constrained  to  repeat  again  the  sentiment 
1  have  already  expressed  in  my  answer  to  the  objections  brought 
forward  by  Mr.  Livingston. 

These  objections  **  have  only  served  to  establish  more 
firmly  in  my  mind  the  very  favorable  sentiments  I  entertain  re- 
specting the  practical  utility  of  the  proposed  railways." 

The  respect,  however,  due  to  the  gentlemen  who  consti- 
tuted this  Committee,  prompts  me  to  give  the  following  an- 
swer: 

It  is  an  established  principle,  resulting  from  the  laws  of 
motion,  that  all  bodies  are  indifferent  to  a  state  of  motion  or 
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rest.  When,  therefore,  by  any  means,  a  determinative  velocity 
is  given  to  a  body,  that  body  would  continue  to  move  ad  infini- 
ttan,  with  the  velocity  originally  impressed  upon  it,  were  it  not 
resisted  by  some  other  force  or  power.  Thus,  were  we  to  sup- 
pose a  sphere  or  cylinder,  perfectly  hard  and  smooth,  to  be  set 
in  motion  upon  a  horizontal  plain,  also  perfectly  smooth  and 
hard,  it  would  revolve  around  the  earth  forever,  were  it  not  im- 
peded by  the  resistance  of  the  atmosphere,  (iravity,  in  this 
case,  would  have  no  tendency  either  to  retard  or  accelerate  its 
motion,  as  the  action  of  gravity  would  always  be  exerted  in  a 
direction  perpendicular  to  the  line  of  motion.  But  a  railway 
cannot,  in  practice,  be  constructed  of  materials  perfectly  hard 
and  smooth,  and,  although  friction  rollers  in  the  hubs  of  the 
wheels  would  take  off  from  the  axis  a  large  share  of  friction, 
yet  still  there  would  remain  a  considerable  quantity  to  be  over- 
come; what  this  would  amount  to  in  practice  cannot  theoreti- 
cally be  precisely  ascertained.  However,  the  fact  of  one  horse 
drawing  on  a  railway  upwards  of  fifty  tons  for  several  miles, 
furnishes  sufficient  data  to  calculate  upon.  We  may  certainly, 
with  great  safety,  estimate  a  steam-engine  of  a  two-horse  power 
adequate  to  the  purpose  of  giving  motion  to  one  hundred  tons 
weight,  on  a  horizontal  railway.  But  it  is  proposed  to  give  to 
this  railway,  where  necessary,  an  ascent  of  one  degree.  On 
these  occasions,  then,  there  will  be  required  a  power  equal  to 
.somewhat  more  than  one-sixtieth  part  of  the  whole  weight  of 
one  hundred  tons;  we  will  call  it  three  thousand  five  hundred 
pounds.  This,  added  to  the  two-horse  power  necessary  to  over- 
come friction,  etc.,  on  a  horizontal  plain,  would  make  a  sum 
total  of  four  thousand  pounds.  But  1  have  stated  already  the 
powder  of  the  steam  engine  at  five  thousand  pounds.  But  Mr. 
I-atrobe  has  estimated  that  "  by  the  aid  of  a  railway,  one  horse 
would  transport  eight  tons,  supposing  the  angle  of  ascent  not 
to  exceed  one  degree."  One  hundred  tons, 'then,  would  require 
twelve  and  a  half  horses,  allowing  two  hundred  and  fifty  pounds 
for  each  horse;  the  power  of  twelve  and  a  half  horses  would 
equal  only  three  thousand  one  hundred  and  twenty-five  pounds, 
instead  of  four  thousand,  as  above  estimated. 

But  when  it  is  considered  that  more  than  nineteen-twenti- 
cths  of  the  whole  distance  will  be  nearly  on  a  horizontal  level. 
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which  would  require  no  more  than  a  two-  or  three-horse  power, 
instead  of  twenty,  at  which  the  engine  is  estimated,  we  surely 
need  not  apprehend  a  deficiency  of  power.  But  "  as  horses 
move  on  the  earth  when  drawing  a  weight,  it  is  believed  that 
an  equal  power  must,  to  produce  the  same  effect,  have  sufficient 
hold  on  the  earth;  and  it  is  doubted  whether  an  engine  in  a 
wagon  can  work  it  forward  with  as  much  advantage  as  horses 
on  a  road." 

I  must  confess  I  cannot  see  the  force  of  this  objection; 
and  fearful  that  it  might  contain  something  which  had  escaped 
my  attention,  I  submitted  it  to  a  number  of  scientific  gentle- 
men, who  unanimously  concur  with  me,  that,  provided  the 
wheels  do  not  slip  on  the  ways,  the  whole  power  of  the  engine 
is  exerted  to  the  best  advantage  in  propelling  the  carriage  for- 
ward. There  will,  no  doubt,  in  proportion  as  the  shackle-pin 
approaches  to,  or  recedes  from,  the  periphery  of  the  wheel,  be 
a  difference  in  the  relative  velocity  of  the  carriage  and  the  pis- 
ton; whereas,  the  horse  and  the  carriage  always  move  forward 
with  the  same  velocity. 

••If  the  engine  turn  the  wheels,  and  propel  the  weight  by 
their  friction  on  the  railway,  it  ma}-  be  questioned  whether  the 
effect  will  equal  expectation." 

Xo /hV//^// ( except  at  the  hubs)  results  from  the  revolu- 
tions of  the  wheels  on  the  railways.  Resistamc  will,  however, 
occur,  in  proportion  to  the  frequency  and  magnitude  of  the  ele- 
vations and  depressions  of  the  railways,  and  their  deviations 
from  a  horizontal  plain. 

"  The  rims  of  the  wheels,  however  accurate,  will,  it  is  ap- 
prehended, impede  b)^  their  friction  the  progressive  motion. 
Such  at  least  would  be  the  case  were  the  wagon  drawn  by 
horses." 

It  has  just  now  been  stated  that  no  friction  whatever  takes 
place  at  the  rims  of -the  wheels  of.i  carriage  on  a  railway.  This 
would  invariably  be  the  case,  whether  the  carriage  were  pro- 
I)elled  by  horses  or  by  a  steam-engine. 

Hut  the  timber  of  these  railways  would  be  liable  to 
warp ;  I  would  propose  to  construct  the  ways  of  white  pine, 
twelve  inches  deep  and  six  wide  at  bottom,  reduced  to  four  at 
top,  and  of  as  great  a  length  as  can  conveniently  be  had;  say 
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fifty  or  sixty  feet.  Now,  if  the  supports  are  thirteen  feet  apart, 
these  pieces  will  rest  on  them  in  five  or  six  different  places, 
where  they  can  be  confined  immovably.  Under  such  circum- 
stances it  is  not  possible  they  should  warp.  As  pine,  although 
sufficiently  strong  to  support  the  weight  of  the  carriages,  would 
be  too  soft  for  the  rims  of  the  wheels  to  run  on,  cap-pieces  of 
oak,  two  inches  thick  and  four  inches  wide,  mlist  be  fastened  on 
the  top  of  the  rails. 

But  these  rails  will  be  liable  to  shrink  and  swell  with  *'  the 
changes  of  the  weather,  from  hot  to  cold,  and  from  wet  to  dry.' 
From  the  observations  I  have  made  on  this  subject,  the  greatest 
variations  of  dimension,  in  a  piece  of  timber  of  four  inches 
wide,  does  not,  from  the  joint  operations  of  these  causes, 
exceed  the, eighth  of  an  inch;  but  were  it  even  half  an  inch,  the 
effects  apprehended  by  the  Committee  could  never  occur.  The 
extremities  of  the  rims  of  the  wheels  should  be  about  two 
inches  deep,  and  curving  outwards  in  such  a  manner  as  merely 
to  squeeze  the  rail,  when,  on  any  variation  of  direction,'the  pro- 
jections of  the  rims  should  be  made  to  come  in  contact  with 
each  side  of  the  rails.  As,  however,  the  wheels  to  which  the 
shackle  pins  are  fixed,  are  wedged  fast  to  each  end  of  an  axis 
revolving  with  them,  they  are  necessarily  prevented  from 
deviating  from  the  line  of  draught.  And.  as  the  carriages 
which  are  drawn  behind  are  firmly  attached  to  each  other,  they 
must  all  pursue  one  course. 

For  this  reason,  I  still  continue  decidedly  of  the  opinion 
that  wooden  railways  will  answer  well  in  practice,  and  be  but 
little  subject  to  wear.  But  should  experience  hereafter  prove 
the  fallacy  of  the  ideas  I  now  entertain  respecting  wooden 
railways,  recourse  qould  at  any  time  be  had  to  iron.  Not  one 
shilling  of  unnecessary  expense  would  be  incurred.  The  iron, 
whether  wrought  or  cast,  could  be  fastened  on  the  top  of  the 
wooden  rails,  and  the  business  would  be  done.  All  the  objec- 
tions which  have  been  urged  against  wood,  as  an  unfit  material, 
would  thus  be  completely  obviated. 

But  it  would  be  essentially  necessar\'  that  '*  foundations  be 
laid  below  the  power  of  frost,  and  of  materials  sufficiently  solid." 
And  should  it  aLso  be  found  necessary  that  the  wheels  should 
be  made  to  run  on  iron,  the  Committee  give  it  as  their  opinion 
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that  the  expense  would  exceed  more  than  double  that  of  a 
canal. 

In  support  of  this  assertion  they  exhibit  no  proofs,  they 
advance  no  calculations.    The    Commissioners  themselves  ac- 
knowledge that,  with  respect  to  a  canal,  it  "would  beunpardon- 
ably  presumptuous  should  they  pretend  to  accuracy  of  calcula- 
tion." The  truth  is,  as  I  have  elsewhere  observed,  that  any  esti- 
mation of  the  cost  of  a  canal,  such  as  is  contemplated,  must,  from 
the  nature  of  the  business,  be  in  a  great  measure  conjectural.    In 
their  former  report  they  have  stated  it  at  five  millions,  and  in 
their  late  report,  they  sum  up  the  whole  expense  at  six  millions 
of  dollars.   Nine-tenths, or  perhaps  ninety-nine  one-hundredths, 
of  this  expense  will  be  incurred  for  labor  bestowed  principally 
in  excavating  ground  at  present  unexplored.     Without  taking 
into  calculation,  then,  the   great  want  of  economy  and  gross 
abuses   which    ever  attend   all    public    works,    there    is   every 
reason  to  believe  that  were  the  estimate  of  the  Commissioners 
doubled,  it  would  fall  far  short  of  the  ultimate  cost  of  the  pro- 
posed canal.     But  as  has    been  already  well   observed  in  the 
report  of  the  Commissioners,  the   magnitude  of  the  expense  is 
not  an  object  of  the  first   moment.     Were  a  canal   to  cost  ten 
times  as  much  as  the  proposed   railways,    if  decidedly  prefera- 
ble, the  difference  of  expense  should  by  no  means  prevent  it 
being  carried  into  effect.     ^\nd  so,  on  the  contrary,  should  the 
railways  be  found  most  convenient  and  eligible,  the  difference 
in  exi)ense  ought  not  to  be  regarded. 

I  shall  now  proceed  to  a  minute  calculation  of  the  cost  of 
raihva\'s  executed  in  the  most  solid  and  permanent  manner. 
Such,  however,  is  the  nature  of  the  work,  that  the  far  greater 
j)art  of  it  is  susccj)tible  of  being  calculated  with  a  great  degree 
of  precision  and  accuracy. 

It  will  be  necessary  to  reduce  the  angle  of  elevation 
throughout  the  whole  course  of  the  railway's  so  as  no  part  of  it 
shall  exceed  one  degree.  To  effect  this,  the  hills  must  be 
reduced  bv  cuttinp;s.  and  the  vallevs  raised  by  mounds.  But 
the  expense  of  these  operations  will  be.  in  no  comparison,  as 
great  as  would  be  recjuired  for  a  canal.  As  the  course  of  a 
canal  must  be  level,  or  very  nearly  so,  the  depth  of  the  cuttin^js 
and  the  elevation  of  the  mounds  must   be  in  proportion.     The 
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Commissioners  have  estimated  the  expenditure  for"  aqueducts, 
embankments  and  mounds/'  at  one  million  of  dollars.  But  as 
they  have  estimated  the  cost  of  a  mound  over  the  Cayuga  Lake 
at  nearly  one-half  of  this  sum,  there  would  remain  then  about 
half  a  million  to  be  applied  to  these  purposes.  But  for  railways 
no  aqueducts  are  required,  and  as  a  variation  of  one  degree  from 
a  horizontal  line  admits  of  elevations  and  depressions  of  up- 
wards of  ninety-two  feet  in  a  mile,  it  perhaps  might  be  practic- 
able to  carry  the  railway  through  from  Albany  to  Lake  Krie, 
with  scarcely  any  occasion  for  the  removal  of  the  earth.  For 
the  reduction,  then,  of  elevations,  and  the  erection  of  necessary 
bridges,  $250,000  appear  more  than  sufficient  ;  but  to  silence 
all  cavil,  we  will  put  it  at  half  a  million. 

I  have  met  with  no  person  yet,  the  least  conversant  with 
the  subject,  who  entertains  the  smallest  doubt  about  the 
strength  of  wooden  supports.  Wood,  it  must  be  conceded, 
falls  far  short  of  stone  or  brick  in  respect  of  durability.  But, 
as  I  have  already  stated,  it  may  still  be  the  most  economical 
material.  Although,  then,  I  can  see  no  valid  objection  against 
the  use  of  wood,  I  will,  merely  to  satisfy  the  gentlemen  of  the 
Committee,  substitute  stone  orbrickin  the  following  estimate. 

It  may  be  urged  that  extensive  tracts  in  the  course  of  the 
railways  are  destitute  of  stone  proper  for  the  purpose,  and  that 
clay  for  the  making  of  bricks  cannot  be  found  everywhere.  It 
will  not.  I  presume,  be  contested,  that  in  a  distance  of  three 
hundred  miles  through  a  country  no  section  of  which,  except 
from  Albany  to  Schenectady,  is  sandy,  a  number  of  places  will 
be  found  affording  good  building  stone,  and  good  clay  for  mak- 
ing bricks.  By  commencing  the  railway  in  the  vicinity  of  such 
places,  stone  and  brick  could  be  transported  to  wherever  these 
articles  may  be  wanted,  at  a  trifling  expense.  I  have  stated 
the  actual  exuense  of  transportation  at  fifty  cents  per  ton  for 
three  hundred  miles.  .Supposing,  then,  that  some  parts  of  the 
way  may  require  a  transportation  of  materials  a  distance 
of  twenty  miles,  this,  at  the  above  rate,  would  amount  to 
three  and  a  third  cents  per  ton.  But,  to  avoid  all  dispute,  let 
the  average  amount  of  expense  of  transportation  of  materials 
be  estimated  at  twelve  and  a  half  cents  per  ton.  We  will,  in 
the  first  in.stance,  suppose  the  pillars   are  composed   of  brick, 
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six  feet  hi^h,  and  eighteen  inches  square.  Each  pillar  will 
contain  about  two  hundred  bricks.  In  everv  thirteen  feet  of 
the  railway  three  pillars  will  be  required,  or  six  hundred  bricks. 

600  bricks,  at  S3  per  1,000,  is S1.80 

6-  loths  of  a  day's  work  of  a  mason 75 

*•     laborer 60 

Lime 50 

Digprin^r,  &c 35 

$4.00 

for  every  thirteen  feet  of  railway,  or  $20  a  chain  =  Si,6oo  per 
mile.      Should  stone   be  used,  we    may  add  fifty  per  cent.,  or 
$2,400  per  mile.     Estimating  timber  at  twelve  and  a  half  cents 
a  foot,  which  is  certainly  more  than  double  what  it  may  be  got 
for,   the  timber  for  the  ways  and   the  carpenters'  work  would 
come  to  about  $1,500  per  mile.     There  cannot  be  a  doubt  that 
wrought  iron  is,  on  various  accounts,  preferable  to  cast  iron  for 
the  wheels  to  run  on,  provided  it  is  of  sufficient  thickness.    I 
would  pro[)ose,  then,  to  take,  for  this  purpose,  bar  iron  of  half 
an  inch  thick  and  four  inches  broad.     This  may  be  had,  at  re- 
tail  j)ricc,  at  six  cents  per  pound  ;  but  certainly   at  much  less 
by  the  larger  quantity.     It  takes  about    four  cubic    inches  of 
wrought  iron  to  make  a  pound  ;  each  inch,  then,  of   these  bars 
will  weigh  half   a  pound,  and  four   of  them    will  weigh  two 
pounds  per  inch,  or  twenty-four  pounds  per  foot,  at  six  cents 
per  ])oun(l  =  51.44  cents  per  foot,  or  $7,603  per  mile. 

Bar  iron  plates $7,630 

Brick  pillars 1,600 

Timber  ways 1. 500 

$10,703 

Or...  . $3,210,900 

for  the  whole  distance  of  three  hundred  miles.      • 

For  reducing  elevation,  &c 500,000 

Total $3, 710,000 

Should  stone,  however,  be  used,  the  expense  would  be  en- 
hanced $800  per  mile,  or  $240,000  for  the  whole  distance  ;  mak- 
ing a  sum  total  of  $3,950,000. 

Thus,  then,  executed  in  the  most  durable  manner  with  stone 
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or  brick  pillars  and  iron  ways,  this  great  undertaking  could  be 
completed  for  a  sum  certainly  not  exceeding  four  millions  of 
dollars. 

The  only  article  of  expenditure  in  the  foregoing  estimate 
liable  to  uncertainty  is  the  reduction  of  elevations  of  the 
ground  throughout  the  course  of  the  railways,  so  as  not  to  ex- 
ceed one  degree.  But  the  Commissioners  must  have  erred 
very  widely  from  the  truth  in  that  part  of  their  estimate  rela- 
tive to  the  reducing  hills,  and  raising  valleys  to  a  horizontal 
plain,  or  nearly  so,  or  the  sum  assigned  to  the  foregoing  object 
must  be  more  than  sufficient.  The  shortest  distance  between 
Albany  and  Lake  Erie  is  two  hundred  and  eighty  miles,  where- 
as the  Commissioners,  in  their  late  report,  have  conceived  it 
necessary,  in  order  to  preserve  the  requisite  levels,  to  extend 
the  route  of  the  canal,  in  a  circuitous  course,  to  three  hundred 
and  fifty  miles.  With  a  rise  and  fall  of  ninety-two  feet  in  a 
mile,  it  will  by  no  means  be  necessary  for  the  railways  to  make 
.so  extensive  a  circuit.  It  probably  will  be  practicable  to  con- 
duct these  wavs  bv  a  route  not  exceeding  three  hundrcxi  miles. 
This  will  not  only  be  a  saving  in  the  expense  of  construction, 
but  -what  will  be  much  more  important— it  will  effect  a  great 
saving  in  the  time  and  expense  of  transportation. 

1  have  now  answered,  and  1  expect  satisfactorily,  every  ob- 
jection made  by  the  Committee.  These  objections  are  aimed 
principally  against  the  use  of  wood.  As  iron,  stone,  or  brick 
are  now  substituted,  they,  of  course,  become  inapplicable.  And 
as  the  doubt  of  the  Commissioners  expressed — "  whether  an 
engine  in  a  wagon  can  work  it  forward  with  as  much  advant- 
age as  horses  on  a  road  " — has  not  the  least  foundation,  the 
only  objection  then  remaining  is,  that  the  expense  of  raihva\'s 
would  be  more  than  double  that  of  a  canal.  Hut  if  the  above 
estimate  is  not  very  erroneous,  the  railways  will  not  cost  one- 
half  as  much  as  a  canal.  But  as  the  Commissioners  in  their 
late  report  have  abandoned  the  idea  of  taking  the  waters  of 
Lake  Erie  in  an  inclined  plane  to  the  Hudson,  a  ne\'er-failing 
supply  of  water  will  be  required  at  the  summit  level  or  lc\  els. 
It  is  a  notorious  fact  that  tracts  of  country  become  more  or  less 
arid  as  they  become  cleared  of  timber.  Whether,  then,  a  suf- 
ficient   supply    of     water   will    at    all    times    be    commanded 
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when  the  country  through  which  the  canal  has  to  pass  becomes 
fully  populated,  is  a  very  serious  and  important  question.  Be- 
sides, canals  are  liable  to  innumerable  casualties.  Sudden  tor- 
rents frequently  produce  incalculable  mischief.  It  is  often 
extremely  difficult  to  prevent  and  stop  effectually  leaks  in  a 
loose,  porous  soil.  The  frosts  in  winter  and  droughts  in  sum- 
mer will  occasion  cracks  in  the  clay.  Vermin  of  various  de- 
scriptions are  perpetually  perforating  holes.  The  roots  of  trees 
ar^  constantly  penetrating  into  the  loose  earth,  and  occasioning 
leaks.  The  locks  are  perpetually  requiring  repairs.  Whereas, 
I  know  of  no  casualties  to  which  railways,  constructed  as  now 
proposed,  are  liable.  Whilst  the  materials  last  they  must  ever 
remain  unaffected  by  anything  short  of  an  earthquake.  When 
it  is  considered,  too,  that  the  travel  on  these  ways  remain  al- 
ways, winter  and  summer  uninterrupted — that  there  are  no  locks 
or  other  circumstances  to  occasion  delay,  that  the  expense  of 
trans[)ortation  would  not  be  more  than  one-third  of  that  on  a 
canal,  and  the  original  expense  of  construction  not  more  than 
one-half — when,  I  say,  all  these  things  are  taken  into  consider- 
ation how  can  we  hesitate  to  give  a  preference  to  the  rail- 
ways r 

Hut,  notwithstanding  the  many  inconveniences  I  have 
enumerated,  the  great  utility  of  canals  is  *' sanctioned  by  cx- 
j)cricncc  ;  "  whereas  the  practical  utility  of  railways  on  the  pro- 
posed construction,  remains  vet  to  be  ascertained  bv  actual 
experiment. 

Hut  when  millions  are  to  be  expended, shall  a  few  thousand 
dollars  be  grudged  to  make  the  experiment  on  an  object  prom- 
is  ini^  so  fairly  ? 

Hut  it  would  be  useless  to  pursue  the  subject  further.  Should 
what  has  been  already  said  be  insufficient  to  open  the  eyes  of 
the  Committee,  I  have  only  to  lament  that  their  blindness  on 
this  occasion  will  certainly  be  followed  by  a  future  regret.  A 
discover)',  more  especially  a  physical  one,  when  once  made, 
and  its  development  fairh'  exhibited  before  the  public,  can 
never,  if  of  an)'  importance,  be  lost  or  suppressed.  Sooner  or 
later,  tluii,  the  improvement  now  [)roposed  will  be  brought  into 
i^eneral  use.  and,  if  I  mistake  not,  long  before  the  projected 
canal  w  ill  be  completed. 
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It  will  obviously  occur  that  a  number  of  passages  contained 
in  the  report  of  the  Committee  are  not  particularly  noticed. 
If.  for  instance,  no  particular  notice  is  taken  of  the  following 
passages,  viz.:  **  If  this  motion  were  produced  by  force  fixed 
to  the  earth,  it  must  not  only  be  equal  to  the  weight  multiplied 
into  the  velocity,"—  again — *'No  formula  has  yet  been  discovered 
by  which  to  calculate  the  proportion  between  power,  friction, 
and  effect." — **  Still  we  shall  have  force  100,  and  weight  100 
(together  200),  working  with  a  velocity  of  four  miles  per  hour 
by  friction  on  a  railway," — if  these  and  some  other  passages  are 
not  particularly  noticed,  yet  a  due  attention  to  what  has  been 
advanced  in  the  above  reply  to  the  Committee's  objections, 
will  satisfy  every  impartial  reader  that  they  have  been  all  sub- 
stantially answered. 


NEW  JERSEY  THE  PIONEER   IN   AMERICAN     INDUSTRIAL 

PROGRESS. 

In  accepting  the  invitation  to  participate  in  the  celebration 
of  the  semi-centennial  anniversary  of  the  founding  of  the  New 
Jersey  Historical  Society  at  Newark,  Mr  J.  Elfreth  Watkins. 
of  the  Smithsonian  Institution,  now  Curator  of  Technological 
Collections  in  the  National  Museum  at  Washington,  called 
attention  to  the  following  interesting  facts,  showing  New 
Jersey's  influence  upon  the  introduction  and  invention  of  the 
steam  engine,  steamship,  locomotive  and  electric  telegraph 
in  America. 

First.-  The  first  steam  engine  on  the  Western  Continent 
was  erected  at  the  Belleville  Copper  Mines,  near  Newark,  in 
1753,  by  Hornblower,  sixteen  years  before  Watt  began  his  in- 
vestigations. 

Second.--  The  first  steamboats  driven  by  a  single  and  twin 
screw  propellers  were  constructed  by  John  Stevens,  at  Hobo- 
ken,  in  1802  and  1804. 

Third  The  PJiiVtii.x,  the  first  steamboat  to  navigate  the 
ocean,  was  designed,  constructed  and  navigated  by  Jerscynicn 
-   lohn  Stevens  and  his  son.  Robert  L.  Stevens,  in  1807- iSoS. 

P'ourth  The  first  charter  for  a  railroad  in  America  was 
granted  by  the  Legislature  of  New  Jersey  in  1814,  for  a  raiiwav 
from  Trenton  to  New  Hrunswick  during  the  war  of  iSu. 

1^'ifth  The  machiner)-  of  the  Sijvatumh,  the  first  steam- 
ship to  rross  the  Atlantic  ocean,  was  constructed  at  the  \'ail 
Works,  Speedwell,  near  Morristown,  N.  J.,  in  1818. 

Sixth  The  first  steam  locomotive  in  America  to  convey 
human  beintis  on  a  railroad  track  was   constructed  at  Hobokcn 


in  1825. 

Seventh  The  first  successful  experiments  with  the  electro- 
magnetic telegraph,  based  upon  the  discoveries  of  Prof.  Henn. 
of  Princeton  College,  were  made  b}'  \'ail  and  Morse  at  Speed- 
well Works,  near  Morristown.  in  1838. 

The  invention  and  introduction  in  America  of  the  steam 
engine,  steamship,  the  locomotive  and  the  telegraph  -  the 
mightiest  factors  in  modern  civilization  were  thus  due.  in  ii 
great  degree,  to  Jersexmen. 


ENERGY  EQUIVALENTS.* 

BY    EDWARD   J.    WILLIS,  M.  E..  '88. 

There  frequently  occur,  in  the  course  of  engineering  work, 
calculations  of  efficiency  and  consumption  which  are,  more  or 
less,  long  and  tedious.  The  figures  given  in  following  para- 
graphs will  reduce  any  such  calculation  to  a  case  of  simple 
multiplication  or  division.  This  not  only  saves  time,  but 
greatly  decreases  the  chance  of  errors,  which  can  often  pass 
unnoticed  in  many  of  the  rarely  understood  and  complicated 
expressions  which  such  calculations  involve.  Only  full  theor- 
etical values  or  equivalents  are  given,  and  when  the  delivery  is 
•  not  up  to  the  figure  the  deficiency  is  the  loss  in  the  transforma- 
tion, or  if  the  consumption  is  greater  than  the  equivalent,  such 
excess  is  the  waste  of  the  process.  Some  of  the  equivalents 
are,  at  the  present  time,  uncertain,  and  the  figures  given  are 
subject  to  such  changes  as  their  definite  determination  will  in- 
volve. Joule's  equivalent  has  been  used  as  776,  which  is  con- 
sidered a  conservative  figure,  as  is  also  the  light  eqXiivalcnt  of 
I  C.  P.  =  620  foot-pounds  per  hour.  Logarithms  of  each  num- 
ber have  been  inserted,  and  the  reciprocal  of  any  equivalent 
will  be  found  under  its  proper  heading. 

WORK. 

ONE  (I)  HORSE-POWER  = 

In  F*oc)T-  33.000  (log.  4.518514)    foot-pounds    per  minute. 

Pounds.  550  (log.  2.740363)  foot-pounds  per  second. 

1,980,000  ( log.  6.296665 ) foot-pounds  per  hour.  ^ 
In  H.  T.  V.  .709  (log.  1.850646)  B.  T.  U.  per  second. 

42.53  (log.  1.628652)  B.  T.  U.  per  minute. 
2,552  (log.  3.406710)  B.  T.  U.  per  hour. 

*  This  matter  appeared  in  Affterican  Machinist  of  April  25,  1895 
and  is  here  presented  in  a  tabulated  form  which  it  is  hoped  will  render  it 
even  more  readily  available. — Ed. 


4i6  Energy  Equivalents. 

In  Pounds  2,219  (log.  .346105)  pounds  of  steam  per  hour 

Stkam.  at  80  pounds  pressure  (95  pounds  ab- 

solute). 
2,2104  (lo|(-  -344440  pounds  steam  at  100  pounds 
pressure(ii5  pounds  absolute). 
In  Com  bus-      .002933  (log.   3.467312)  pounds  carbon  consumed 
TioN.  per  minute,  or  .176  (1.24551)  pounds 

carbon  per  hour. 
.1823  (log.    1.260787)  pounds  ordinary  coal  per 

hour. 
.1169  (log.   1.067815)    pounds  =  .0157   gals, 
(log.  2.19590)   ordinary   petroleum 

per  hour.' 
.1276  (log.    I.  105781)  pounds  good    kerosene 

per  hour. 
3.925  (log.  .593890)  cubic  feet  ordinary  house 
gas  per  hour. 
In  Klkctricity,  746  (log.  2.  872739)  Watts,  or 
and  Light.      2.750  (log.  3.43933)  candle  power. 

ONE  (I)  FOOT-POUND  PER  SECOND  = 

In  H.  r.  .001818  (log.  3.259594)  horse  power. 

In  Im.kctric     1.3565  (log.  .132343)  Watts,  or 

LiciHT.  5  (log.  .698970)  candles. 

In  l^.T.  L'.  4.64  (log.  .666515)  H.T.  U.  per  hour. 

In  Stf.am.        .004034  (log.  3.605699)  pounds  steam  at  80 pounds 

pressure  (95    pounds   absolute)   per 
hour. 
.004018  (log.    3.604035)    pounds    steam    at    100 

pounds  pressure  (115  pounds  abso- 
,  lute)  per  hour. 

ONE  FOOT-POUND  PER  MINUTE  = 

In  n.  V.         .0000303  (log.  5.481443)  H.  P. 
In  Klkctkic       .0226  (log.  2.354108)  Watts. 

Light.  -0833  (log.  2.920820)  candles. 

In  H.  T.  U.        .07733  (log.  "1.888348)  B.  T.  U.  per  hour. 
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In  Steam.   .cxxx)6723  (log.  5.827548)  pounds  steam  at  80  pounds 

pressure  (95    pounds   absolute)   per 
hour. 
.00006696  (log.  5.825874)    pounds     steam     at     100 

pounds  pressure   (115  pounds  abso- 
lute)  per  hour. 

IN  ROTARY  DELIVERY. 

Rotary  Deliv-  A  force  of  52.41   (log.   i. 719333)  pounds 

ERY  at   an  arm    i   foot  long,  making  100  revolu- 

toGet  H.  p.  tions    per   minute,  gives  one  H.  P. 

A  force  of  100  pounds,  acting  on  an  arm 
I  foot  long,  making  52.41  (log.  1.719333) 
revolutions  per  minute,  gives   i  H.  P. 

A  force  of  100  pounds,  acting  on  an  arm 
.5241  (log.  1.619333)  foot  =  6}i  inches  long, 
making  100  revolutions  per  minute,  gives 
I  II.  P. 

A  force  of  100  pounds,  acting  on  an  arm 
I  foot  long,  and  making  100  revolutions  per 
minute,  gives  1.904  (log.  .279665)  H.  P. 

Roughly  we  have  i  H.  P.  for  100  pounds 
pull  on  a  belt  running  over  a  I -foot  pulley 
(l  foot  diameter),  making  100  revolutions 
per  minute. 

1 11:  AT. 
ONE  B.T.U.  (I  POUND  WATER  RAISED  i    FAHR.)    . 

776  (log.  2.S89862)  foot  pounds. 

ONE  B.T.U.  CONSUMED  PER  SECOND 

B.T.  U. 

TO  WORK,  1.41 1  ( log.  .149500)  horse  power,  or 

LIGHT  AND     1,052.6  ( log.  3.022263)  Watts,  or 

ELKCTRiciTY.  3,880  (log.  3.58S832 )  caudlc  powcr. 

ONE  B.T.U.  PER  MINUTE 

•023515  (log  2.371345)  H.P.  or 
17-5433  (l«k'-  1.2441 12)  Watts,  or 
64.66  (log.  1. 8 1 0569)  candles. 
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ONE  B.T.U.  PER  HOUR.  - 

.ocx)392  (log  .4.593200)  H.  P.  or 
.2924  (log.  1.465977)  Watts,  or 
1.078  (log.  .032619)  candles. 


ONE  POUND  OF  STEAM. 

Steam  At  100  pounds  pressure  (115  absolute)  takes 

TO  WORK,         .7962  (log.  2.901000)  pounds  carbon,    or   .0824 
LIGHT  AND  ( log.  2-9 1 5927  )   pounds     Ordinary     good 

ELECTRICITY.  coal   to  make  it  from  water  at  62' 

Falir.,  assuming  no  loss  ;  it  contains 
1,154.5  (log.  3.062368)    B.  T.  U..  or 
895,892  (log.  5  .959315)  foot-pounds. 

If  it  were  consumed  in  one  hour  it  would 
represent — with  no  loss - 
14,931  ( log.  4.174089)  foot-pounds  per  minute,  or 

.45247  (log.  1.655565)  H.  P.,  or 
337.6  (log.  2.52S304)  Watts,  or 
1,244.5  (1^\^-  3094893)  candles. 


ONE  POUND  OF  STEAM. 

.Stkam  At  So  i)ounds  pressure  (95  absolute)  takcs- 

TO  WORK,  0793  (log.  2.<S9()32S  )'pounds  carbon,  or 

LK.iiT  .\Ni>        .0821  ( log.  2.914343  )     pounds    ordinary    good 
Ki.KCTKiLiTV.  coal    to   luakc  it   from   water  at  62 

I\ihr.,  assuming  no  loss.     It  contains 
1. 150  (log.  3.o6o6(;8)  H.  T.  U..  or 
892,400  (log.  5.950551  )  foot-i)ounds. 

If  it  be  consumed  in  i  hour  with  no  loss  = 

14.873  (log.  4.172400)    foot-pounds  per  minute- 

or 
.4507  (log.  1.653S8)  H.  r.  or 
336.2  (log.  2.526625)  Watts,  or 
1239  (log.  3.09322)  candles. 
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ONE  POUND  OF  CARBON  CONSUMED  IN  z  HOUR 

CoMBUS-  MfSOO  (log.  4. 16 1 368)  B.  T.  U.  per  hour, 

Tiox.         11,252,000  (log.  7.051230)  foot-pounds  per  hour. 

5.683  (log.    .754565)  H.  P., 
4,240  (log.  3.627304)  Watts, 
15,630  (log.  4.193895)  candles. 
Fuels  to  15  (log.  1.176091)  pounds  water  evaporated 

B.  T.  U.  from  and  at  121°  Fahr. 

12.56  (log.  1.099000)  pounds  steam  made  from 
water  at  62"   Fahr.,  to  steam  at  100 
pounds   pressure   (115   pounds  abso- 
lute). 
Steam  12.61  (log.  1.10067)  pounds  steam  made  from 

WORK.  water  at  62°   Fahr.   to  steam  at  80 

pounds  pressure    (95    pounds   abso- 
lute). 

ONE  POUND  ORDINARY  KEROSENE  CONSUMED  PER  HOUR^ 

Light  20,000  (log.  4.301030)  B.  T.  U.  per  hour, 

AND  15,520,000  (log.  7.190892)  foot-pounds  per  hour, 

Electricity.      7.838  (log.  .894227)  H.  P., 

5,847  (log.  3.766966)  Watts, 

21,560  (log.  4333557)  candles, 

20.7  (log.  1. 316053)  pounds  water  evaporated 

from  and  at  212°  Fahr., 

17.325  (log.    1.238673)  pounds  water  from   62 '^ 

Fahr.  to  steam  at  100  pounds  pressure 

(115  pounds  absolute), 
17.40  (log.  1.240050)  pounds  water  at  62®  Fahr. 

to   steam  at  80  pounds  pressure  (95 

pounds  absolute). 

ONE  CUBIC  FOOT  ORDINARY  ILLUMINATING  GAS 

PER  HOUR 

650  (log.  2.812913)  B.  T.  U.  per  hour. 
504,400  (log.  5.702775)  foot-pounds  per  hour. 
.25475  (log.  T.406110)  H.  P. 
190  (log.  2.278849)  Watts. 
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700  (log.  2.845440)  candle  power. 
.6729  (log.  1.827936)  pounds  water  evaporated 
from  and  at  212°  Fahr. 
.563  (log.  1.750585)  pounds  water  at  62°  Fahr. 
to  steam  at  100  pounds  pressure  (115 
pounds  absolute). 

LIGHT. 
ONE  CANDLE  POWER 

Light  to     .00036364  (log.  4.560672)  H.  P. 
WORK.  2713  (log.  1.43341 1 )  Watts. 

12  (log.  1.079181)  foot-pounds  per  minute. 
720  (log.  2.857332)  foot-pounds  per  hour. 
B.  T.  U.  .015464  (log.  £.189319)  B.  T.  U.  per  minute. 

Electricity,      92783  (log.  1.967470)  B.  T.  U.  per  hour. 
STEAM  AND      .0008037  (log.  4.905 102)   pouuds   stcam   per   hour 
COMBUSTIBLES.  at    io<)  pounds  pressure  (115  pounds 

absolute). 
.0008068  (log.  4.906772)     pounds     steam     at    80 

pounds  pressure  ( 95pounds  absolute). 
.000064  (log.  5.806102)  pounds. 

.44S  (log.  1.6312)  grains  carbon  per  hour. 
.0000661  ( log.  5.8JOJOI  )   pounds  ordinary  coal  per 

hour. 
.0000464  (log.  5.66644)  pounds. 
.32475  (log.  £.511538)  grains. 
.001531  (log.  3.184975)  cubic  inches. 
.000006628  (log.  0.821342)    gallons    ordinary    kero- 
sene per  hour. 
.001427  (log.  3.154557)   cubic    feet    ordinary  gas 

per  hour. 

KLECTRICITY. 
ONE  (I)  WATT 

Klkctric-     .0013405  (log.  3. 1 2724 1 )  H.  P. 
'Y  TO  WORK.         .057  (log.  2.755913)  B.  T.  U.  per  minute. 
.  T.  U.  3.42  (log.     .534064)  B.  T.  U.  per  hour. 
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Steam,  light      44.24  (log.  1.645775)  foot-pounds  per  minute. 
AND  COM-  2,654.4  (log.  3.423966)  foot-pounds  per  hour. 

BUSTiBLES.  3.6863  (log.  .566591)  Candle  power. 

.000236  (log.  4.372696)  pounds. 

1.65  (log.  .217794)  grains  carbon  per  hour. 
.000171  (log.  4.233034)  pounds. 

1. 197  (log.  .078132)  grains  good  kerosene  per 
hour. 
.005262  (log.  3.721 1 51)  cubic  feet  ordinary    illu- 
minating gas  per  hour. 


ANDREW   SHIEBLER,    '92. 

Andrew  Shiebler  died  on  August  ii,  1895,  J"^^  ^"^  month 
before  his  24th  birthday,  having  been  born  in  Brooklyn,  Sept.  9 
1871. 

His  earlier  school  days  were  passed  in  the  public  schools 
of  Brooklyn  till  1883,  when  he  entered  the  Polytechnic  Insti- 
tute. In  1886  he  entered  the  Stevens  High  School,  and  after 
spending  two  years  in  preparation  was  admitted  to  the  Institute 
with  the  class  of  '92. 

His  whole  course  was  marked  by  faithful,  honest  work,  so 
that  he  was  graduated  in  1892  with  a  fine  record. 

He  entered,  almost  immediately,  the  employment  of  B.  F. 
Sturtevant  Co.,  of  Boston,  Mass.,  as  a  draughtsman.  His  ability 
in  this  line  was  marked,  and  he  was  rapidly  given  charge  of  the 
laying  out  of  very  important  work,  in  which  he  proved  the 
wisdom  of  his  superiors  in  their  choice. 

In  March,  1894,  he  was  placed  in  charge  of  the  draughting- 
room  of  the  Philadelphia  branch,  and  again  proved  his  ability 
by  the  successful  manner  in  which  he  handled  the  business  at 
this  point. 

In  disposition  he  was  quiet  and  retiring,  seeming  to  care 
more  for  the  studious  than  the  social  side  of  life,  yet  when  a 
friendship  was  once  established,  there  could  be  no  firmer, 
truer  friend  than  he. 

It  is  truly  said  of  him,  in  the  words  of  his  employers,  **  He 
was  always  in  earnest,  always  ready  for  anything  that  came  to 
hand,  and  very  self-reliant.  He  was  quick  to  catch  an  idea 
and  embody  it  in  tani^^ible  form,  and  in  all  things  was  a  man 
with  whom  it  was  a  pleasure  to  work.  The  remark  has  frc- 
(juently  been  made  that  he  was  the  best  man  that  ever  went  out 
of  our  draughting-room." 

His  close  application  told  on  him  when  he  was  taken  with 
typhoid  fever,  and  he  died  after  a  very  short  illness  on  August 
1 1,  1895,  universally  admired  and  loved  by  his  associates. 

The  funeral  services  were  held  at  the  home  of  his  parents, 
278  Berkeley  Place.  Ikooklyn,  on  Tuesday,  August  13. 


ATHLETICS. 

Foot-ball. 

In  view  of  the  fact  that  of  the  fifteen  men  who  played  on  the  'Varsity 
team  last  year  eight  graduated  with  the  class  of  '95  and  four  left  college, 
and  that  the  available  material  at  the  opening  of  the  season  of  '95  did  not 
appear  promising,  it  was  deemed  best,  rather  than  place  an  inferior  team  in 
the  field,  not  to  have  any  'Varsity  team  this  year.  In  order  that  the  interest 
in  the  game  be  maintained,  and  to  develop  the  material  that  will  likely  be 
suitable  for  next  year's  team,  it  was  decided  to  have  a  series  of  inter-class 
games,  each  class  to  play  one  game  with  each  of  the  other  three  classes. 
The  schedule  of  these  inter-class  games  is  as  follows: 

SCHEDULE   OF    INTER-CLASS     FOOT-BALL   GAMES. 

'97  VS.  '99 Friday,  October  18 

'96   **    98 Tuesday,    "         22 

'96    "    '99 Friday,       "  25 

'97    "    '98 Tuesday,    "  29 

'96    "    '97 Friday,  Novemb'r  i 

'98    "    '99 Tuesday,    "  5 

These  games  resulted  as  follows: 

JUNIORS  vs.  FRESHMEN— SCORE,   2\  TO  4. 

Contesting  teams: 

'99  *97. 

Hagstoz  (Capt.) Right  end Macbeth . 

H^^sey^  :.   ::i Right  tackle Chapin. 

Mccfen":! Rightguard Mott. 

Beck , Center Towne. 

Kirby Left  guard Davie. 

Taylor Left  tackle j  ^~; 

Stanley Left  end Pryor. 

Myers Quarter-back Grady. 

Christie Left  half-back Christy. 

Stover Right  half-back Hutchins. 

Westerfield Full-back Mathey. 

Referee,  H.  F.  Cuntz,  '93.      Umpire,  E.  Kemble,  '95.      Linesmen — W. 
Kyle,  W.  H.  Jennings,  Jr.,  '96. 

SCORE   BY   INNINGS: 

First  Half.        Second  Half. 
*97 14  10 24 

'99 o  4 4 
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SENIORS  VS,  SOPHOMORES— SCORE,  22  TO  8. 

Contesting  teams: 
*96.  '98. 

K^^^^^     Left  end Buckley. 

Schimmel Left  tackle Kellogg. 

Borland Left  guard Littlejohn. 

Woodward Center Lunger. 

Evertsz Right  guard Brett. 

Christy Right  tackle Bang. 

KrifeV.i R'K»»'«"'l Welch. 

Willet Quarter-back Scott. 

Gunnison Left  half-back Kennedy. 

Hunt  (Capt.) Right  half-back Sofio. 

Bruckner Full-back Hughes  (Capt.) 

Referee,  E.  Kemble,  '95.    Umpire — First  half,  W.  H.  Jennings,  Jr.,  '96; 
second  half,  E.  L.  Decker,  '96.    Linesmen — T.  F.  Hussa,  '96;  W.  Kyle. 


SCORE  BY   INNINGS. 

First  Half.        Second  Half. 

'96 4  18 22 

'98 4  4 8 

SENIORS  VS,  FRESHMEN — SCORE,  34  TOO. 

Contesting  teams: 

'96.  '99. 

Morris Left  end Stanley. 

Schimmel Left  tackle Taylor. 

Woolson Left  guard Kirby. 

Woodward Center Beck. 

Evertsz Right  guard j  Macl^racken. 

Christy Right  tackle Campbell. 

"""'<Capt.) Right  end  )  HagstoMCapt.). 

Willet Quarter-back King. 

Gunnison Left  half-back Christie. 

Hardie,  L.  H Right  half-back Stover. 

Borland Full-back Westerfield. 

Referee,  W.  Terry.    L- mpire,  R.  Scott,  '98.     Linesmen — R.  Boettger,  '98; 
E.  Campbell,  '96. 

SCORE   BY   INNINGS. 

First  Half.        Second  Half. 

•96 8  26 34 

'99 o  o o 
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JUNIORS  vs.  SOPHOMORES— SCORE,  l6  TO  6. 

Contesting  teams: 

'98  '97. 

Welch Right  end Macbeth. 

Bang Right  tackle j  mSl  ""' 

Brett Right  guard Cromwell. 

Lwiger Center Towne. 

Littlejohn Left  guard Davey. 

Kellogg Left  tackle Munby. 

Ki?.v.i — Ilsi. 

Scott Quarter-back j  ^^^^^ 

Sofio Right  half-back Hutchins. 

Lane Lett  half-back Christy. 

Hughes Full-back Mathey. 

Referee,  E.  Kemble,  '95.    Umpire,  W.  Kyle. 

SCORE  BY   INNINGS. 

First  Half.        Second  Half. 

'98 o  6 6 

'97 10  6 16 


SENIORS  VS.  JUNIORS— SCORE,  44  TO  O. 

Contesting  teams; 

•96  '97. 

Jennings Left  end Grady. 

Schimmel Left  tackle Munby. 

Woolson Left  guard j  Koch!"* 

^Voodward Center Towne. 

E  vertsz Right  guard Cromwell. 

<^^"sty Right  tackle [^lyty. 

I^ope Right  end Macbeth. 

W'lllet  (Act'g  Capt.) Quarter-back Pryor  (Capt.). 

Gunnison Left  half-back Christy. 

Hardie,  L.  H Right  half-back Hutchins. 

Borland Full-back j  wnflfLnn   T 

/  Williamson,  J, 

J^eferee,  H.  Cuntz,  '93.    Umpire,  E.  Kemble,  '95.    Linesmen — R.  Scott. 
'^•"    A.  T.  Hagstoz,  '98. 

SCORE  BY  INNINGS. 

First  Half.        Second  Half. 

'96 24  20 44 

*Q7 o  o o 


426  AMetics. 

SOPHOMORE  vs.  FRESHMAN — SCORE  22  TO  O. 

Contesting  teams: 

'98.  '09. 

Buckley Left  end Stanley. 

Bocttger Left  tackle Tavlor. 

Littlejohn Left  Guard j  ?lmpbell. 

Lunger Center Beck. 

Brett Right  guard MacCrackenj 

Bang Right  tackle Halsey. 

Welch Right  end Hagstoz. 

Scott Quarter  back j  King^ 

Kennedy Left  Half-back Christie. 

Sofio Right  Half-back Stover. 

Hughes Full-back Wcsterfield. 

Referee,  H.  Cuntz,  '93.  Umpire,  A.  W.  Gunnison,  '96.  Linesmen — A.  E. 
Whitman,  '96;  H.  C.  Messimer,  '96. 

SCORE    BY    INNINGS. 

First  Half.        Second  Half. 

'98 10  12 22 

*99 o  o o 

Lacrosse. 

The  fall  practice  began  immediately  after  the  opening  of  the  Institute 
and  was  continued  until  the  first  of  the  series  of  inter-class  foot-ball  games 
was  played. 

At  the  close  of  these  games,  or  about  November  i,  regular  practice  is 
to  be  resumed,  and  during  the  winter  the  team  will  work  in  the  g)TTina- 
sium.  Possibly,  too,  some  plan  will  be  devised  to  give  the  team  an  oppor- 
tunity to  get  some  stick  practice  during  the  winter  term. 
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John  M.  Hansen,  Class  91,  recently  deceased,  requested  that  his  books 
and  tools  used  at  the  Institute  should  be  presented  to  such  student  as  might 
be  selected  by  the  faculty,  and  also  that  a  direct-vision  spectroscope  which 
he  owned  should  be  given  to  the  physical  cabinet  of  the  Institute.  Bgth  of 
these  requests  have  been  carried  out,  and  the  reception  and  disposal  of  the 
articles  is  hereby  acknowledged  and  recorded. 

H.  Morton,  President. 

The  regular  meeting  of  the  Executive  Committee  of  the  Alumni 
Association  was  held  at  the  office  of  the  president  of  the  Association,  Mr.  H. 
de  B.  Parsons,  Mo.  22  William  street.  New  York  City,  on  Saturday,  Oct.  5, 
1895. 

Besides  attending  to  routine  business,  a  committee,  consisting  of  Messrs. 
W.  H.  Bristol,  Kenneth  Torrance  and  A.  Riesenberger,  was  appointed  to 
consider  ways  and  means  to  further  the  growth  of  the  Alumni  Building  Fund 
and  the  general  improvement  of  the  Institute,  and  to  report  at  the  next 
meeting  of  the  Executive  Committee,  to  be  held  in  January. 

The  committee,  named  above,  would  be  pleased  to  receive  any  sug- 
gestions that  Alumni  care  to  make  in  regard  to  any  improvements,  as  out- 
lined in  the  resolution. 

The  deaths  of  Messrs.  J.  M.  Hansen,  Jr.,  '91,  Andrew  Shiebler,  92,  and 
J.  H.  Murray,  '92,  were  reported;  and  it  was  ordered  that  notices  of  the 
deaths  of  these  members  of  the  Alumni  Association  be  printed  in  the  Indi- 
cator. 

Dr.  Stillman  devoted  a  considerable  portion  of  his  summer  vacation 
to  the  preparation  of  the  manuscript  for  a  text-book  on  "Engineering  Chem- 
istry," which  will  probably  be  ready  for  the  press  before  the  end  of  the  year. 

During  the  absence  of  Prof.  Geo.  L.  Manning,  the  Assistant  Pro- 
fessor of  Physics  and  Chemistry,  Mr.  M.  E.  Craft,  95,  will  condnrt  t^p. 
recitations  in  chemistry  of  the  Freshman  Class. 

President  Morton  will  deliver  one  lecture  a  week  in  physics  to  this 
class,  and  the  recitations  in  this  subject  will  be  taken  by  Mr.  Ganz. 

The  various  classes  have  organized  with  the  following  officers  : 

Senior  Class. 

President,  Samuel  Hollingsworth.  Treasurer^  A.  W.  Gunnison. 

Vice- President t  H.  R.  Summerhayes.    Historian,  William  C.  Maul. 
Secretary,  S.  A.  Hasbrouck.  Foot-Ball  Captain,  C.  H.  Hunt. 
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Junior  Class. 

President^  William  D.  Ennis.  Treasurer,  Joseph  M.  Towne. 

Vue- President,  Warren  Davey.  Foot- Ball  Captain,  F.  L,  Pry  or. 

Secretary,  William  I.  Thomson. 

Sophomore  Class. 

President,  H.  R.  Davis.  Treasurer,  F.  I.  Baker. 

Vice-President,  Charles  Warner.  Foot-Ball  Captain,  R.  S.  Hughes. 

Secretary,  G.  R.  Hemminger. 

Freshman  Class. 

President,  F.  J.  Le  Porin.  Treasurer,  W.  P.  Humphreys. 

Vice-President,  C.  H.  Christie.  Foot-Ball  Captain,  A.  T.  Hagstoz. 

Secretary,  H.  G.  Taylor. 

The  election  of  officers  in  the  EngineeriAg  Society,  the  Musical  and 
Yacht  Clubs,  for  the  current  year,  resulted  as  follows  : 

Engineering  Society. 

President,  Wm.  J.  A.  Boucher.  Treasurer,  W.  J.  Rusling,  Jr. 

Secretary,  W.  H.  Dickerson. 

Glee  Club. 

President,  E.  J.  Munby.  Secy  and  Treas.,  P.  D.  Wagoner. 

Vice-President,  O.  A.  Pope.  Leader,  W.  H.  MacGregor. 

Mandolin   Club. 

President,  A.  W.  Gunnison.  Leader,  G.  Kollstede. 

Sec'y  and  Treas.,  H.  C.  Mathey. 

Banjo  Club. 

President,  H.  C.  Messinier.  Leader,  R.  G.  Messimer. 

Sec'y  and  Treas.,  H.  M.  Bardie. 

S    S    S 
President,  ].  B.  Kreischer.  Secretary,  R.  S.  Scott,  Jr. 

Vice-President,  A.  H.  Whitman.  Treasurer,  R.  C.  Post. 

Stevens  Yacht  Club. 

Commodore,  B.  C.  Clark.  Secretary,  S.  A.  Hasbrouck. 

Vice-Commodore,  C.  H.  Hunt.  Treasurer,  F.  Overton. 

Rear- Com.,  G.  Kollstede.  Measurer,  H.  Summerhayes. 
Fleet  Capt.,  G.  F.  Gilmore. 

The  Membership  of  the  several  classes  of  the  Institute  is  as  follows  : 
Seniors,  63;  Juniors,  67;  Sophomores,  63;  Freshmen,  69. 
The  applicants  for  the  class  '99  numbered  about   100;  the  successful 
candidates  with  their  addresses  are  : 

H.  P.  Ahnike,  906  Bloomfield  street,  Hoboken,  N.  J. 

R.  C.  Aldrich,  123  Park  Place,  Passaic,  N.  J. 

F.  W.Beale,  315  West  104th  street.  New  York,  N.  Y. 
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G.  H.  Beck,  314  Hancock  street,  Brooklyn,  N.  Y. 

H.  Berg,  200  Glenwood  avenue.  New  York,  N.  Y. 

L.  Berg,  52  West  Eighty-third  street,  New  York,  N.  Y. 

G.  Brown,  825  President  street,  Brooklyn,  N.  Y. 

H.  A.  Brown,  Jr.,  825  President  street,  Brooklyn,  N.  Y. 

G.  H.  Burke,  209  West  Eighth  street,  Plainfield,  N.  J. 

E.  Buxo,  care  of  J.  Vidal,  Pier  10,  East  River,  New  York,  N.  Y. 

G.  Campbell,  Cold  Spring  on  Hudson,  N.  Y. 

E.  A.  Carpenter,  171  West  Seventh  street,  Roseville,  N,  J. 
J.  A.  Cartwright,  57  Elm  street.  New  York,  N.  Y. 

W.  D.  Church.  17  Craig  Place,  Plainfield,  N.  J. 

C.  D.  Christie,  Nyack,  N.  Y. 

G.  C.  Cole,  19  South  Maple  avenue,  East  Orange,  N.  J. 

H.  W.  Crowell,  634  High  street,  Newark,  N.  J. 

R.  J.  Decker,  206  Lincoln  Place,  Brooklyn,  N.  Y. 

R.  M.  Dodge,  1032  Gates  avenue,  Brooklyn,  N.  Y. 

J.  F.  Edmunds,  Davids  Island,  New  York  Harbor. 

Geo.  F.  Everitt,  Hackettstown,  N.  J. 

A.  Fredericks,  Jr.,  170  Varick  street.  New  York,  N.  Y. 

F.  A.  Guenther,  331  Hudson  street,  Hoboken,  N.  J. 
J.  Habben,  695  Broadway,  Paterson,  N.  J. 

A.  T.  Hagstoz,  53  William  street,  East  Orange,  N.  J. 

Wm.  C.  Halsey,  286  Bergen  avenue,  Jersey  City,  N.J. 

J.  S.  Henry,  26  Washington  street,  East  Orange,  N.  J. 

C.  S.  Hoffman,  356  Henry  street,  Brooklyn,  N.  Y. 

H.  Humphreys,  San  Remo  Hotel,  Seventy-fifth  street  and  Central  Park, 

New  York,  N.  Y.      , 
Percy  Idell,  Washington  street,  Hoboken,  N.  J. 
R.  P.  Jennings,  33*9  York  street,  Jersey  City,  N.  J. 
M.  Kelly,  355  West  Fifty-fifth  stret^t,  New  York,  N.  Y. 
Graham  King,  39  Prospect  street.  East  Orange,  N.  J. 
C.  Kirby,  145  Nassau  street.  New  York,  N.  Y. 
H.  A.  Kornemann,  251  Springfield  avenue,  Newark,  N.  J. 

F.  W.  Le  Porin,  62  East  i  i6th  street,  New  York,  N.  Y. 

J.  H.  Lidgerwood,  Jr.,  96  Liberty  street.  New  York,  N.  Y. 

R.  T.  Lockwood,  206  West  Fifty-second  street.  New  York,  N,  Y. 

A.  S.  Loizeaux,  63  Fourth  avenue.  New  York,  N.  Y. 

R.  O.  Luqueer,  67  Murray  street,  New  York,  N.  Y. 

J.  A.  MacCracken,  305  East  Eighteenth  street,  New  York,  N.  Y. 

G.  W.  Martin,  365  De  Graw  street,  Brooklyn,  N.  Y. 
Robt.  Moffit,  48  Church  street,  New  York,  N.  Y. 

C.  N.  Morley,  121  North  Walnut  street,  Akron,  O. 

C.  M.  Myers,  409  Bergen  avenue,  Jersey  City  Heights,  N.  J. 

Chas.  Owston,  26  Proadway,  New  York,  N.  Y. 

S.  C.  Peck,  17  Fairview  avenue,  Danbury,  Ct. 

P.  P.  Peebles,  Stamford,  Ct. 

Lionel  Post,  1080  Anna  street,  Elizabeth,  N.  J. 
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W.  B.  Rainsford,  Mt.  Savage,  Md. 

F.  B.  Sanson,  294  William  street.  East  Orange,  N.  J. 

H.  R.  Sanson,  294  William  street.  East  Orange,  N.  J. 

F.  Scammell,  Hackensack,  N.  J. 

R.  G.  C.  Semonite,  910  Greene  avenue,  Brooklyn,  N.  Y. 
W.  A.  Shoudy,  200  McDonough  street,  Brooklyn,  N.  Y. 
A.  G.  Sidman,  19  Madison  avenue,  Jersey  City,  N.  J. 
R.  C.  Stanley,  26  Clinton  avenue,  Montclair,  N.  J. 
H.  J.  Stehli,  915  Seventh  avenue.  New  York,  N.  Y. 

G.  H.  Stover,  Jr.,  66  Broadway,  New  York,  N.  Y. 
H.  G.  Taylor,  155  East  Front  street,  Trenton,  N.  J. 

C.  K.  Underbill,  107  Harrison  avenue,  Montclair,  N.  J. 

H.  B.  Upjohn,  296  Clinton  street,  Brooklyn,  N.  J. 

E.  C.  V'(x>rhees,  172  George  street.  New  Brunswick,  N.  J. 

Chas.  L.  Wachter,  1240  Lexington  avenue.  New  York,  N.  Y. 

C.  F.  Walker,  Guttenberg,  N.  J. 

Harold  Webster,  712  Putnam  avenue,  Brooklyn,  N.  Y. 

J.  R.  Westerlield,  109  West  Twenty-third  street,  New  York,  N.  Y. 

A.  Wilson,  38  Ridge  street.  Orange,  N.  J. 

S.  C.  Yeaton,  210  Ninth  street,  South  Brooklyn,  N.  Y. 
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■75- 

The  "  Iron  Trade  Review,"  Cleveland,  O.,  Aug.  8,  1895,  contains  the 
following  : 

Adoiph  Sorge,  Jr.,  M.  E.,  who  has  been  for  the  past  year  and  a  half 
with  Fraser  &  Chalmers,  of  Chicago,  as  superintendent  and  in  charge  of  the 
city  sales  department,  has  decided  to  branch  out  for  himself,  and  has  opened 
an  office  in  room  1533  Marquette  Building,  Chicago,  as  a  consulting  engin- 
eer, making  a  specialty  of  foundry  practice.  Mr.  Sorge  is  especially 
well  equipped  for  this  work,  being  a  graduate  of  Stevens  Institute,  '75»  and 
having  for  the  past  twenty  years  devoted  himself  to  machine-shop  and  foun- 
dry work.  His  standing  as  an  expert  foundryman  is  of  the  highest,  and 
combining  a  practical  knowledge  with  the  most  advanced  theoretical  ideas, 
Mr.  Sorge  will  undoubtedly  find  success  in  his  venture.  Mr.  Sorge  will  have 
arrangements  whereby  he  can  furnish  laboratory  work,  both  physical  and 
chemical,  and  will  be  in  position  to  help  foundrymen  out  of  any  difficulties 
they  may  encounter  in  their  practice. 

•76. 

Gus  C.  Henning,  who  represented  the  American  Society  of  Mechanical 
Engineers  at  the  Conference  on  Unification  of  Methods  of  Testing  Materials 
of  Construction,  held  Sept.  9-1 1,  1895,  ^^  Zurich,  Germany,  gives,  in  the 
American  Machinist,  Oct.  17,  1895,  brief  abstracts  of  six  interesting  papers 
presented  to  the  conference. 

William  Kent  is  Associate  Editor  of  Enf^neering  AV«/5,  and  has 
special  charge  of  all  matters  relating  to  mechanical  and  metallurgical 
engineering. 

A.  W.  Stahl,  Naval  Constructor,  U.  S.  N.,  read  a  paper  entitled  "Ex- 
perimental Test  of  the  Armored  Side  of  the  U.  S.  S.  Iowa,"'  at  the  annual 
meeting  of  the  Society  of  Naval  Architects  and  Marine  Engineers,  in  New 
York  City,  November  7. 

E.  P.  Roberts,  President  of  the  Correspondence  School.  Cleveland, 
Ohio,  contributed  an  article  to  Cassiers  Afagazine  for  June,  i8<)5,  in 
which  he  gives  the  general  method  of  conducting  the  instruction  in  Coires- 
pondence  Schools,  and  cites  the  various  advantages  of  such  a  course. 

'80. 

DuRAND  Woodman  was  elected  Secretary  and  Treasurer  of  the  New 
York  Section  of  the  American  Chemical  Society,  at  the  meeting  held  Oct. 

4.  1895. 
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•83. 

A.  P.  Henderson,  who  was  formerly  in  the  Construction  and  Repair 
Department  of  the  Norfolk  Navy  Yard,  is  now  in  the  Marine  Department 
of  the  Babcock  &  Wilcox  Co.,  30  Cortlandt  St.,  New  York  City. 

Addison  Alex.  Rig«ter  is  Secretary  of  the  Corruganza  MTg  Co., 
whose  works  have  been  removed  to  Garratt  Mills,  Summers  Town,  S.  W., 
London,  England. 

•84. 
Charles  F.  Parker  was  married  on  Nov.  20  to  Miss  Amy  \ ,  Sackett. 

Charles  W.  Whiting  is  Superintendent  of  the  foundry  and  machine 
shop  of  Van  Bergen  &  Co.,  Ltd.,  at  Carbondale,  Pa. 

Cassier's  Magazine,  June,  1895,  contains  an  article  by  Mr.  Whiting 
on  "An  American  Gravity  Railroad."  The  railroad  described  and  illus- 
trated is  the  Carbondale  and  Honesdale  line,  known  as  the  Gravity  System 
of  the  Delaware  and  Hudson  Canal  Company. 

'86. 

E.  P.  MowTON  is  connected  with  the  law  department  of  the  Fidelity 
&  Casualty  Co.,  97  Cedar  St.,  New  York  City. 

'90. 

Charlks  J.  Everett,  Jr.,  is  consulting  and  constructing  engineer, 
Havemt^yer  building,  26  Cortlandt  St.,  New  York  City. 

E.  H.  Whitlock  is  Secretary  and  Treasurer  of  The  Miles  Refrigerat- 
ing ^'  Ice  Machine  Co.,  415  Main  St.,  Cincinnati,  O. 

Qi. 
C.  G.  Atwatkr  is   draftsman  for  the  Solvay  Process  Co.,  Coke  Oven 
Dept.,  Syracuse,  X.  Y. 

Geo.  C.  Holhekton  is  in  the  employ  of  the  General  Electric  Co.,  15 
First  St.,  San  Francisco,  Cal. 

Julius  Oelbermann  has  accepted  a  position  as  salesman  for  the  Link 
Belt  Engineering  Co.,  Xicetown,  Pa. 

Francls  X.  Sanborn  is  connected  with  the  Susquehanna  Coal  Co.,  at 
Wilkes-Barre,  Pa.,  as  mechanical  engineer.  He 'was  married  on  October 
31  to  Miss  Bertha  Eunice  Rockwell,  daughter  of  Mr.  C.  Lerdy  Rockwell, 
of  Glens'  P'alls,  X.  V. 

'q2. 

Harold  H.  Atkins  has  left  the  employ  of  the  Pintsch  Compressing 
Co.'s  Boston  works,  and  may  now  be  addressed  at  Roselle,  N.  J. 

William  O.  Lidlow,  of  the  firm  of  Ludlow  &  Valentine,  architects. 
97  Franklin  Street,  New  York  City,  is  engaged  upon  the  design  and  con- 
struction of  a  number  of  buildings  in  the  vicinity  of  New  York  City. 
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'93. 

O.  G.  Dale  is  inspectur  for  the  Mutual  Fire  Insurance  Co.,  45  Cedar 
Street,  New  York  City. 

Edwin  R.  Douglas  is  pursuing  a  post-graduate  course  in  physics  at 
Harvard  University,  Cambridge,  Mass.  His  present  address  is  54  Ham- 
mond Street,  Cambridge,  Mass. 

'94. 

Joseph  Cottier's  address  is  12  Congress  Street,  Jersey  City  Heights, 
N.J. 

E.  B.  Gallaher  has  removed  his  office  from  253  Broadway  to  97  Cedar 
Street,  New  York  City. 

W.  A.  Jones  has  received  the  appointment  of  instructor  in  mechanical 
drawing  at  the  Drexel  Institute,  Philadelphia,  Pa. 

A.  G.  KoLLSTEDE  is  connected  with  the  Chino  Valley  Beet  Sugar  Co., 
Chino,  San  Bernardino  County,  Cal.,  as  mechanical  engmeer. 

A.  M.  LoziER  is  in  the  employ  of  the  Westinghouse,  Church,  Kerr  & 
Co.,  26  Cortlandt  Street,  New  York  City. 

F.  M.  Oppermann  is  assistant  superintendent  of  the  Pittsburgh  Plate 
Glass  Co.,  Ford  City,  Pa.  Mr.  Oppermann  returned  to  the  States  from  Bel- 
gium a  short  time  ago. 

•95.    • 

Percy  Allen  is  in  the  employ  of  the  Safety  Car  Heating  and  Lighting 
Co.,  160  Broadway,  New  York  City. 

D.  D.  Barnum  is  with  the  Bhss  M'f'g  Co.,  Brooklyn,  N.  Y. 

G.  Everett  Brien  is  in  the  testing  department  ot  the  Baldwin  Loco- 
motive Works,  Philadelphia,  Pa. 

Thos.  E.  Butterfield  is  trying  for  the  degree  of  civil  engineer  at  the 
Rennsylaer  Polytechnic,  Troy,  N.  Y. 

Wm.  H.  Corbett  is  with  the  Garvin  Machine  Co.,  Canal  and  Laight 
Streets,  New  York  City. 

Morgan  E.  Craft  is  instructor  m  shop  work  in  the  manual  training 
department  of  the  public 'schools  at  Montclair,  N.J.  He  is  also  assisting 
Prof.  Leeds  during  the  absence  of  Prof.  Manning. 

Thos.  B.  Cuming  is  in  the  office  of  the  VVorthington  Pump  Co.,  86  Lib- 
erty Street,  New  York  City. 

Richard  Gunagan  is  drafting  for  the  Cooke  Locomotive  and  Machine 
Co.,  Paterson,  N.  J. 

R.  E.  Hall  has  left  the  employ  of  Uehling,  Steinbart  &  Co.,  and  is 
now  in  the  office  of  superintendent  of  motive  power,  B.  &  O.  R.  R.,  Mount 
Clare,  Baltimore,  Md. 
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Edw'd  M.  Harrison,  Jr.,  is  treasurer  of  the  C.  C.  White  Toilet  Paper 
M'f'g  Co.,  146  Duane  Street,  New  York  City. 

Arthur  Lenssen,  Jr.,  is  in  the  employ  of  the  Ansonia  Brass  and  Cop- 
per Co.,  Ansonia,  Conn. 

F.  N.  MacVeety  is  drafting  for  A.  R.  Wolff,  '76,  Consulting  Mechani- 
cal Engineer,  Fulton  Building,  New  York  City. 

Howard  Maxfield  is  employed  at  the  Meadow  Shops  of  the  Pa.  R. 
R.,  Jersey  City,  N.  J. 

Nestor  Ramirez  is  with  the  Westinghouse  Electric  &  MTg  Co.,  Pitts- 
burg, Pa. 

Edward  C.  Schmidt  is  the  mechanical  engineer  for  the  Kalbfleisch 
Chemical  Co.,  Brooklyn,  N.  Y. 

F.  R.  Smart,  Jr.,  is  with  the  East  River  Gas  Co.,   Ravenswood,   L.  I., 
N.  Y. 

Fred'k  K.  Vreeland  is  taking  a   post-graduate  course  in   electrical 
engineering  at  Columbia  College,  Nt»w  York  City. 

F.  W.  Walker  is  with  the  Edison  Illuminating  Co.,  Brooklyn,  N.  Y. 


BOOK  NOTICES. 

RECENT  PUBLICATIONS. 

Elements  of  Descriptive  Geometry.  With  applications  to  Isomet- 
rical  Drawing  and  Cavalier  Projection.  By  Charles  William  MacCord, 
A.  M.,  Sc.D.,  Professor  of  Mechanical  Drawing  in  the  Stevens  Institute 
of  Technology,  Hoboken,  N.  J. 

The  treatment  of  descriptive  geometry  as  presented  in  this  book  is  in 
some  respects  different  from  that  found  in  other  books  on  the  subject.  These 
modifications  are  such  as  have  been  suggested  by  the  author's  long  class-room 
experience  at  the  Stevens  Institute  of  Technology,  extending  over  a  period  of 
more  than  twenty  years.  It  is  believed  that,  as  a  text-book,  it  is  especially 
adapted  to  the  requirements  of  colleges  and  technical  schools,  and  that  it  will 
be  a  valuable  aid  to  students  studying  the  subject  without  an  instructor. 

The  addition  of  pictorial  representations  of  the  elementary  problems 
relating  to  points,  lines  and  planes,  in  the  abstract,  and  of  the  more  difficult 
problems  relating  to  warped  surface  should  materially  aid  the  student,  par- 
ticularly if  he  is  studying  without  a  tutor. 

Practical  problems  are  interspersed  through  the  book  to  illustrate  the 
application  of  the  principles  previously  given,  as  well  as  to  show  the  relation 
of  descriptive  geometry  to  mechanical  drawing.  This  feature  of  the  book, 
especially,  should  stimulate  the  student's  interest  in  the  subject.  John  Wi- 
ley &  Sons,  New  York  City,  publishers.    Price,  $3.00. 

An  Elementary  Text-Book  on  Steam  Engines  and  Boilers.  By 
J.  H.  Kinealy,  Professor  of  Mechanical  Engineering,  Washington  Uni- 
versity, St.  Louis,  Mo.  Spon  &  Chamberlain,  12  Cortlandt  street.  New 
York  City,  publishers. 

This  book  was  written  for  the  use  of  students  in  universities  and  col- 
leges, and  its  adaptation  to  the  requirements  of  such  schools  necessarily 
precluded  an  exhaustive  presentation  of  the  various  subjects  treated  of.  The 
author  has,  however,  aimed  to  convey  to  the  student  in  a  concise  manner  an 
idea  of  elementary  thermodynamics;  of  the  action  of  the  steam  in  the  cylin- 
der of  the  engine;  of  the  motion  of  the  steam  valve;  of  the  differences  be- 
tween the  various  types  of  engines  and  boilers;  of  the  generation  of  heat  by 
combustion  and  the  conversion  of  water  into  steam.  The  book  is  illustrated 
with  diagrams  and  numerous  cuts  of  American  types  and  details  of  engines 
and  boilers. 

Problems  in  the  Use  and  Adjustment  of  Engineering  Instru- 
ments. By  Walter  Lorin^  Webb,  C.  E.,  Assistant  Professor  of  Civil 
Engineering  in  the  University  of  Pennsylvania. 

This  is  a  pocket-book  of  64  pages,  and  is  designed  to  aid  in  teaching 
the  first  elements  of  instrumental  practice  to  engineering  students. 

Under  each  problem  is  given  the  "equipment"  necessary,  general  in- 
structions in  use  of  the  instruments,  and  a  specimen  table  for  the  field  notes^ 

This  work,  or  its  equivalent,  is  considered  essential  for  the  efficient  in- 
struction of  a  large  number  of  students  in  field  practice.  John  Wiley  & 
Sons,  New  York  City,  publishers. 
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lated by  A.  F.  Ganz.  95  197 

The  Chemical  and  Physical  Examination  of  Paper.  Thos.  B.  Still- 
man  169.  282,  389 

Universities.    De  V.  Wood 51 

Webb,  J.  Burkitt,  Mechanical  Integrators i,  148 

Wood,  De  Volsen,  Universities 51 

Willis,  Edward  J.,  '88,  Energy  Equivalents 415 
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THE  DEPARTMENT  OF  TESTS 


OF  THE 


Stevens  Institute  of  Technology 


HAVING   EXCELLENT   FACILITIES    IN  THE   WAY   OF  WORKSHOPS 
AND   MECHANICAL,  PHYSICAL,  ELECTRICAL,  AND   CHEMI- 
CAL   LABORATORIES,  FULLY    EQUIPPED   FOR 
ACCURATE   WORK,  IS   PREPARED 

TO  undertake: 

Trials  of  Steam  Engines,  Gas  Engines,  and  other  Prime  Movers, 
Steam  Boilers,  etc. 

Efficiency  Tests  of  Dynamos  and  Motors,  of  Primary  and 
Secondary  Batteries,  Converters,  etc. 

Tests  of  Electric  Lighting  Systems  and  Plants. 

Dynamometrical  Determinations  of  Power. 

Tests  of  the  Strength  of  Materials  of  Construction  under  Trans- 
verse, Tensile,  Compressive,  and  Torsional  Strain. 

The  Standardization  of  Voltmeters,  Ammeters,  and  Resistance 
Boxes. 

The  Determination  of  the  Insulation  and  Resistance  of  Wire 
and  Cables. 

Chemical  Analyses  of  Ores,  Metals,  Alloys,  Waters  for  Tech- 
nical and  Sanitary  Purposes,  Gils,  Lubricants  and  all  Com- 
mercial Articles. 

For    FURTHER    INFORMATION,  ADDRESS  I 

DEPARTMENT  OF  TESTS. 

Stevens  Institute  of  Technology, 

HOBOKEN,  N.  J. 


Current  and  Potential.    W.  M.  Stone.    Elec.  World,  Vol.  25,  No.  2. 

Cut-o£f.  Comparison  of  the  Action  of  a  Fixed  —  and  Throttling  Regulation 
with  that  of  the  Automatic  Variable  —  on  a  Compound  and  Triple  Ex- 
pansion Engine.  Chas.  T.  Porter.  Engineer,  (Am.),  Vol.  28,  No.  13; 
Power,  Vol.  15.  No.  i;  Railway  Eng.  &  Mech.,  Vol.  2,  Na  i;  Trans.  A 
S.  M.  E.,  Vol.  16,  No.  613  (pp.  6). 

Cylinder.  The  Temperature  Cycles  of  a  —  Wall.  E.  Thos.  Adams.  Cas- 
sier's,  Vol.  7,  No.  3. 

Cylindrical  Shells.   Experiments  on  the  Strength  of .  A  series  of  papers 

by  J.  C.  Spence  in  Engineering,  Vol.  58,  No.  1,511. 

D. 

De  Lesseps,  Ferdinand.  A  series  of  papers  in  Engineering,  Vol.  58,  No.  1,51 1. 

Dielectrics.  On  the  Retardation  of  Polarisation  in  — .  Riccardo  Arno. 
Electrician,  Vol.  34,  No.  868. 

Dissociation.    Lorin  Blodgett.    Light,  Heat  &  Power,  Vol.  5,  No.  19. 

Draft  System.  Test  of  the  Ellis  and  Eaves  Mechanical .    Eng.  Record, 

Vol.  31,  No.  6. 

Drilling  Machines  for  Cylindrical  Boiler  Shells.  Samuel  Dixon.  Engineer- 
ing, Vol.  58,  No.  1,511. 

Dynamo.    A  Central  Station  — .   J.  B.  Cahoon.    Elec  World,  Vol.  25,  No.  i. 

Dynamo  Calculation.  Noteson .  Alfred  E.Weinner.  Part  I. gives  a 

set  of  practical  formulae  for  calculating  the  dimensions  and  the  winding 
of  the  armature.  Elec.  World,  V^ol.  23,  No.  20.  Part  II.  gives  calcula- 
tion of  magnetic  flux.  Elec.  World,  Vol.  24,  No.  19.  Part  III.  gives  di- 
mensions of  field  magnet  frame,  etc.    Elec.  World,  Vol.  25,  Nos.  i  and  2. 

Dynamo  Design.    Direct  Current  Motor  and .    Gano  S.  Dunn.    Elec. 

Eng.,  Vol.  18,  Nos.  345  and  346. 

.  Some  Practical  Hints  m .  Gilbert  Wilkes.  Uni.  Wis.  BuL, 

Vol.  I,  No.  2  (Engineering  Series). 

Dynamo  Sparking  of  Closed  Coil.  George  T.  Hanchett.  Elec.  World,  Vol. 
24,  No.  26. 

Dynamometers.     Sc.  Am.  Sup.,  \'ol.  39,  No.  992. 

E. 

Earth.    Mean  Density  of  the  -   .     Professor  Poyntings.     Am.  Jour,  of  Sc, 

\'ol.  48,  No.  288;  Nature,  Oct.  4,  1894. 
Edison  Co.     The  Chicago  :  Its  History  and  Work.  T.C.Martin.  Elec. 

ICng.,  \'ol.  18,  No.  344. 
Edison.     Life  and  Inventions  of  Thomas  Alva  — .     SiLVANUS  P.  Tho.mpson. 

Electrician,  \'ol.  34,  No.  865. 
Elasticity  and  Resistance  of  Materials.     Gus.  C.  Henning,   M.  E.     Am. 

Mach.,  \'ol.  17,  No.  52. 
Electric  Arc.     Hertha  Ayrton.     Electrician.  Vol.  34,  No.  868. 
—   .    Constitution  of  the         -.    ().  L.  Thomas.    Sc.  Am.  Sup.,  X'ol.  38, 

No.  QQO. 

Electric  Conduit.   Is    There  a  .Solution  of  the  -    —Problem?     An  E.Ktensive 

Comparison  of  Systems  and  a  Discussion.  Joseph  Sachs.    St.  Ry.  Jour., 

\'o].  10,  No.  12. 
Electric  Light  Co.' s  Station.    Louisville         Extension.     Elec.  Eng., 

\'ol.  18,  No.  346. 
Electric  Light  Station.    Tlie  1' rankfort  (Ciermany)       .  Dr.  A.  Hass,  M. 

A.     T'Jec.  lOni;..  \'ol.  18,  No.  34(). 
Electric  Lighting  of  Buildings.    .SuLT^^'stions  in  Preparin.ij  .Specifications  for 

the  Ni.LsoN  \V.  Pkkkv.     En^.  Record,  \'o1.  31,  Xt).  2. 

Electric  Locomotive.     The  B.  \'  O.  -        .     St.  Rv.  Jour.,  Vol.  11,  No.  i. 
Electric  Plowing.     Recent  Kxperiments  in  Germany.  Elec.  Kng.,  \'ol. 

13,  No.  \\j. 
Electric  Power.     New  Sources  of  T^nergy  Direct  from  the  Coal  Fields.    Sc. 

Am.  Sup.,  \'ol.  }(^,  No.  9<;I. 
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Pratt  ^  ^hitney  Qompany, 

HARTFORD,  CONN.,  U.  S.  A. 

DESIGNERS  AND   MANUFACTURERS  OF 

MACHINE  TOOLS 

For  Oeneral  and  Special  Service  In  Hachlne  and  Railway  Shops, 
and  Agricultural  Implement  Works. 

Flour  Mill  RoU-Groo7^ing  Mac/tines,  Drop  Hammers,  Punching  Presses,  Rettactile  Jib 

Cranes,  Bolt  Cutters,  Die  Stocks,  Taps,  Dies,  Reamers,  Standard  Size  and  Thread 

Gauges,  Milling  Cutters,  Cutters  for  Teeth  of  Gear  Wheels,  Renshctw  Ratchet 

Drills,  Combination  Lathe  Chucks,  Kennedy- s  Patent  Spiral  Shear  Punch. 

Standard  neasuring:  and  Testing:  flachines. 

AunroiviAnrio     XA/e^igmiimg      |V|aomine:s. 

BRASS  FINISHING  MACHINERY. 

pACTORIES  equipped  with  complete  plants  of  Machines,  Fixtures,  Small  Tools,  and 
Gauges,  for  the  manufacture  of  Guns,  Sewing  Machines,  Bicycles,  Typewriting  Machines, 
Brass  Goods,  and  similar  articles  requiring  interchangeable  parts. 

We  shall  be  pleased  to  furnish  Catalogues,  and  also  Illustrations  descriptive  of  various 
machines  not  included  in  the  Catalogue,  together  with  complete  Price-Lists  and  best  Dis- 
counts.   In  writing  us,  please  mention  the  Indicator. 


W.  &>  A.  FLETCHER  COMPANY, 
North  River  Iron  Works. 

Steatn  E't^gi'^es,  Boilers  and  Machinery. 


HUDSON  ST.,  I2th  to  14th  STS., 

^       rrrrrrrrr.  n.  j. 

T»kt  I4tk  St.  Ferry  from  New  York. 
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Electric  Problem.  The  -  —  with  Reference  to  Fires  and  Firemen.  G.  P. 
Lowe.    Am.  Gas.  Light  Jour.,  Vol.  6i,  No.  26. 

Electric  Railway    Plants.     Notes  on  Economic  Tests  of — .    Geo.  H. 

Davis.    Elec.  World,  Vol.  24,  No.  22. 

Electric  Railway  Work  in  Chicago.    Elec.  Eng.,  Vol.  18,  No.  344. 

Electric  Railways.  Conduit .  Joseph  Sachs.   Electricity,  Vol.  7,  No.  21. 

.     Present  and  Prospective  Development  of .  C.  J.  Field.    St. 

R^.  Jour.,  Vol.  II,  No.  i;  Trans.  A.  S.  M.  E.,  Vol.  16,  No.6i9(i6  pp.). 

Electric  Traction.  A  series  of  papers  by  Phillip  Daw^son  in  Engineering. 
Vol.  59,  No.  1,514. 

Discussion  at  the  Institute  of  Electrical  Engineers.     Electrician, 

Vol.34,  No.  867. 

Electric  Wires.  Legal  Status  of on  the  Streets.  R.D.Fisher.  Elec- 
tricity, Vol.  7,  No.  26. 

Electrical  Conductivity  of  Absolutely  Pure  Water.  Am.  Jour,  of  Sc,  Vol. 
48,  No.  288. 

Electrical  Current.  A  Practical  Method  for  Measuring  Rapid  Changes  in 
.    Walter  E.  Harrington.    Elec.  World,  Vol.  24,  No.  24. 

Electrical  Education.    Some  Aspects  of -.    W.  M.  Stine.    Elec.  Eng., 

Vol.  18,  Nos.  344  and  345. 

Electrical  Energy.    Distribution  of in  the  Mills  of  Messrs.  J.  Forrest 

&  Co.,  at  Saint  Etienne.    Am.  Eng.  &  R.  R.  Jour.,  Vol.  68,  No.  12. 

Electrical  Machinist  Practice.  A  series  of  papers  by  James  F.  Hobart. 
Elec.  Eng.,  Vol.  18,  No.  344. 

Electrical  Power  Transmission.  A  series  of  papers  by  Louis  Bell,  Ph.  D.,  in 
Elec.  World,  Vol.  24,  No.  24.  During  the  series  the  subject  is  considered 
under  four  heads,  viz.:  (i)  Series  Wound  Motors  at  Constant  Potential;  (2) 
Series  Wound  Motors  at  Constant  Voltage;  (3)  Series  W^ound  Motors 
with  Independent  Current  and  Voltage;  (4)  Shunt  Wound  Motors  at 
Constant  X'olia^e. 

Electrical  Science.    Popular .    Nelson  W.  Perry.    Electricity,  Vol.  7, 

No.  23. 

Electricity.  Experiments  on  the  Direct  Production  of  --  from  Coal  and  Com- 
bustible Ciases.  Dr.  W.  Horchers.  FAtc.  Eng.,  \'ol.  18,  No.  345  and  346; 
Klec.  World,  X'ol,  24,  No.  23.  Extract  from  a  paper  read  before  the 
Deuts(  he  Klectrochemische  Gesellschaft. 

—  -.  Generating      by  Windmills.     Lieut.  I.  N.  Lewis.     Eng.  Mag.,  Vol.  8, 

No.  3. 

How   Does     -  Kill?     F.  A.  La  RocH.     Elec.  Eng.,  Vol.  18^  No.  348; 
E.  H.  Rosa.     Klec.  Kiig.,  \'ol.  19,  No.  350. 

—  .  Modern  Theories  as  to  — .  Prof.  Rowland.  Electricity,  Vol.  7,  No.  26. 
Discussion  by  Prof.  Olivkr  Dodgi:,  F.R.S.  Electrician,  Vol.  34,  No. 
870. 

—  — .    The  Source  of  Frictional      .    C.  Christiansen.    Am.  Jour. of  Sc,  Vol. 

48,  No.  288. 

.     Transmitting,  Recording  and  Seeing  Pictures  by  -  .     Geo.  R.  Cared. 

Klec.Kng.,  \'oi.  19,  No.  350. 

.  What  is—  ?  SvDNKY  F.  Walker.  Am.  Gas  Light  Jour.,  Vol.72,  No.  i. 

Extract  from  New  Science  Review  in  IVog.  Age,  \'ol.  12,  No.  23. 

Direct  from  Fuel.     A  reply  to  Dr.  Borcher's  article  in  Elec.  World  of 

Dec.  8,  1894.     C.  j.  Rkkd.     Elec.  World,  \'ol.  24,  No.  25. 

Electro-Dynamic  Machinery.  A  series  of  papers  by  E.  J.  Houston  and  A.  E. 
Kf.nnki.ly  in  the  Elec.  World,  \'ol.  24,  No.  24'  This  subject  includes  not 
only  the  apparatus  by  which  mechanical  energy  is  converted  intoeleciri- 
cal  energy,  but  also  the  translating  ajiparatus,  the  transmission  circuits, 
and  the  ap[>aratus  recjuired  for  the  measurement  of  electrical  energy. 

Electro-Magnetic  Theory.  A  series  of  papers  by  Oliver  Heaviside  in 
Electrician,  \'ol.  34,  No.  865. 


PHILADELPHIA, 

MANUFACTURERS  iOF 

VrUilur 


PA. 


Boring  and  TurrinK  Mills. 

Drill  Htl-h-ce..  Vertical. 

PtuuUacIbcUBea. 

Banns  ■>?"  <0I  L-ic«liii>- 
BoriuK  Vl"la  ^'r  OrlvinE 

PlulBcMwhlMi. 

Gear  Cnttliii  Micbliu. 
GHadlDf  MicUnci. 

RlretUr  «MU«e«. 

Slc.im  or  Hydraulic. 

SkafiorMMhlMt. 

Cylinder  Boring  and  Fac- 
Qu^eringMKhinL-s. 

SlartlagHacUnei. 

BCMdlmc  Kolli. 

Tii',1  (i'niidi^ii  *  sliapUig! 

B«ltCittn^ 

Bolitlaz  Hackiicry. 

TuH-TaU«h  tor  Loinmo- 

Craaet. 

UthM., 

Utm. 

Hand,    Steam.    Belt,   nnd 
Hydraulic  Cranea. 

Axle  Lathes. 

CI.«.M.«  I...!..-.  1.,.  B..«. 

■BOtiTCI. 

High-Speed  Powur  Travel- 

CijltinK:()tf  aiil  Ci;nt.'rLnR 

TKI-Jas 

DiWii'ig-Whccl  I-atliiw. 

yn.**i  tvMtt. 

Ca»«lM  lor  Toaairif. 

Side  Lathes.  Self-ActinK, 

Hydtoslalie. 

BalUr  lujtctort  for  all  cc 

e.,  etc.      rmtrafed  TfUmr  Machinti, 

"'"'liidtT  tht  /aloilj  tfA.  H.  Emery. 

A  Textbook  of 

MODERN  BOILER  PRACTICE    FREE. 
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Electro-Magpetic  Waves.    On  the  Propagation  of in  Ice  and  on  the 

Dielectric  Power  of  this  Substance.    M.  Blondot.  Am.  Jour,  of  Sc.,  Vol. 

49,  No.  289. 
Engine.    Effect  of  Clearance  on  the  Economy  of  a  Small  Steam  — :    G.  W. 

BissELL.    Trans.  A.  S.  M.  E.,  Vol.  16,  No.  625  (pp.  44). 
.  Test  on  the  Triple  —  at  the  Massachusetts  Institute  of  Technology.  C. 

H.  Peabody  and  E.  F.  Miller.    Trans.  A.  S.  M.  E.,  Vol.  16,  N0.609 

(pp.8). 
Engine  Room  of  a  Great  Steamer.    Engineer,(  Lon.),  Vol.  78,  No.  2,033;  ^^• 

Am.  Sup.,  V^ol.  39,  No.  993. 
Engines.    (Comparison  of  the  Action  of  a  Fixed  Cut-off  and  Throttling  Reg- 
ulation with  that  of  the  Automatic  Variable  Cut-off  on  Compound  and 

Triple  Expansion  Engines.  Chas.  T.  Porter.  Trans.  A.  S.  M.  E.,  Vol.  16, 

No.  613  (pp.  8);  Engineer,  (Am.),  Vol.  28,  No.  13;  Power,  Vol.  15,  No.  i; 

Ry.  Eng.  «  Mech.,  Vol.  2,  No.  i. 
.    Description  of  a  Cam  for  Actuating  the  Valves  of  a  High-Speed  — . 

Chas.  T.  Porter.    Trans.  A.  S.  M.  E.,  Vol.  16,  No.  619  (18  pp.). 
.  Drop  Losses  by  Multiple  Expansion  — .  Chas.  M.Jones.  Am.  Mach., 

Vol.  17,  No.  51. 

.  High-Speed  Steam — .  Prof.  Radinger( Vienna).  Eng.  Mech.,  No.  277. 

.    The  Designing  and  Construction  of  Modern  Steam  — .    Theo.  F. 

SCHEFFLER,  Jr.     Machinery,  Vol.  i,  No.  4. 

.    Triangular  Connecting  Rod  --.    Am.  Mach.,  Vol.  17,  No.  52. 

.    Why  Some  —  Pound.    W.  H.  Wakeman.     Machinery,  Vol.  i,  No.  4. 

Engineering:  The  Broader  View.    Address  to  the  Engineering  Students  at 

Stamford  University.     Industry,  No.  78. 
Engineering  Construction  on  the  Pacific  Coast.     Water  Power,  Electrical 

Machinery,  Condensing  Apparatus,  Aerial  Ropeways,  etc.,  forming  a 

series  of  papers  in  Industry,  Nos.  77,  78,  etc. 
Engineering  fallacies.  Prof.  Henry  Morton,  Ph.  D.  Cassier*s,  V0I.7,  N0.3; 

Sc.  Am.  Sup.,  Vol.  39,  No.  994;  Stevens  Ind.,  V^ol.  11,  No.  4. 

.    Criticism  on  Article  Entitled .     Engineer  (Lon.). 

Engineering  Observations  in  Europe  by  an  American  Engineer.     Treats  of 

Refuse  Destructors,  Concrete    Underpiling  for  Dock   Walls,  Overhead 

Electric  Railway,  etc.     Eng.  Record,  Vol.  31,  No.  7. 
Engineers.    Talks  to  Young  -   .     \V.  O.  Webber.  Machinery,  Vol.  i.  No.  5. 
Specifications.  Some  Suggestions  from .     Am.  Gas   Light  Jour., 

Vol.  61,  No.  25. 
Ericsson,  John,  the  Engineer.     W^m.Conant  Church.     Cassier's,  Vol.  7, 

Nos.  2  and  3. 
Evaporator.     The  Yaryan  —  for  Distillation  of  Sea  Water  upon  Land.    Sc. 

Am.  Sup.,  \'ol.  39,  Ao.  Q92. 
Examinations.     Are  They  a  Mere  Necessary  Evil  ?   Sir  Phillip  Magnus, 

Electrician,  \'ol.  34,  No.  867. 

F. 

Feed  Water  Heaters.  Prof.  A.  C.  Elliott,  I).  Sc.  A  series  of  papers  in  En- 
gineering, Vol.  59,  No.  1516. 

Fenders.  Some  Recent  —  lor  Street  Cars.  Eng.  News  &  Am.  Ry.  Jour., 
Vol.  7,},  No.  I. 

Fire  Proof  Material.     Tests  of  a for  Floors  in  a  Modern  Building. 

J.  Mollis  Wells,  C.  E.     Eng.  Record,  Vol.  31,  No.  4. 

Fly-wheel  Accidents.  Archibald  Sharp.  Elec.  World,  Vol.  24,  No.  23. 
W.  Stuart  S.mith.  A  series  of  papers  in  the  Elec.  World,  Vol.  24, 
No.  24. 

Fly-Wheel  Arms.    Charles  M.  Jones.     Am.  Mach.,  V'ol.  18,  No.  1. 

Fly-Wheels.  Stresses  in  the  Rims  and  Rim  Joints  of  Pulleys  and  — .  Gae- 
TANO  LAxNZA.      Trans.  A.  S.  M.  E.,  Vol.  16,  No.  6y  (pp.  18). 

.    The  Handling  of —    -.  M.  N.  McLaren,  Jr.  CTassier's,  Vol.  7.  No.  3. 


•  -Maciiixe  Tools-  • 
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GREATEST  UT.IGNT,  LARGEST  BEARINGS. 


Complete  fqulpments  for 
Xocomotfve,  Cai,  General,  and  Veiiait  Engine  an{>  3ioUei  Shops. 

The  Niles  Tool  Works  Co. 

HAMILXON,  OHIO. 

Branch  Offices  s - 

NEW  YORK.  CHICAGO.  PITTSBURGH. 
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FRICK  CO.,  ENGINEERS, 
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Foundations  of  a  High  Building.     Iron  Age»  \'oI.  54,  No.  26. 
Fuel.     California  Crude  Oil  as  --.    A.  M.  Hint.     Industry,  No.  77. 

.  Liquid     -.     Kngineer,  (Lon.),  Vol.  6q,  No.  2038. 

.     The  -  of  the  World.     Prog.  Age,  Vol.  12,  No.  24. 

Fuels.  Relative \'alue of  Different— .  E.  P.Reichhelm.  Am.  Mach.,V'ol.  18, 

No.  2. 
Furnace.     Test  of  the  Reynolds  Patent      .     Eng.  Record,  Vol.  31,  No.  4. 

G. 

Galvanizing.     .\I.  V.  Wood.      Am.  (ias  Light  Jour.,  Vol.  61,  No.  26. 

Garbage.     The  McKay    -  Cremator.     Eng.  Record,  Vol.  31,  No.  4. 

Gas.     Allen's  Apjiaratus  for  the  Manufacture  of  — .    Am.  Gas  Light  Jour., 

Vol.  61,  No.  27. 
— .     Producer      from  Steam  Raising.     W.H.Blauvelt.    Cassier*s,Vol.7, 

No.  2. 
.    Simplirted  Calculation  for  the  Flow  of  Compressed  Air  and  —  in  Pipes. 

William   Cox.     Prog.  Age,  Vol.  13,  No.  2. 
Gas  Cleaner.    Lowe's        -or  Purifier.  Am.  Cias  Light  Jour.,  Vol.61,  No. 23. 
Gas  Engine.     Mcnlern  Development  of  the .    James  Atkinson.     Prog. 

Age,  Vol.  12,  No.  23. 

'.  One  Hundred  Horse  Power  .    Engineer,  (Lon.),  Vol.  78,  No.  2034. 

.  The  .     A  Series  of  pa[)ers  in  Prog.  Age,  Vol.  13,  No.  2. 
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Central  Station  Economy.     Elec'y,  \'<>1.  8,  No.  6. 
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25,  No.  8. 


Vlll 

Coal  Dust.     Fnedeberg  Apparatus  for   Burning  — .  Am.  Eng.,  Vol.  69,  No. 
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ASSAYING  AND  ANALYTICAL  CHKMISTRY, 
Analyses  of  Ores,  Coals,  Waters, 
and  all    Metallurgical   Products. 

Thos.  B.  Stillman,  Ph.D.,  F.C.S., 

Stevens  Institute  of  Technology,  Hoboken,  N.  J. 
Special  Courses  of  Instruction  in  above  Subjects. 

\X/'ILLIAM     KENT,     M.     E.    (Stevens' W, 

Consulting   PLngineer, 

Passaic,    New   Jersey. 
Author  "  The  Mechanical  Engineer's    Pocket-Book;" 


AFABER  DU  FAUR.Jr.,  '^  ^•'''*'^' 'lI'.ff^RK. 
•  Solicitor  of  American  and  Foreign  Patents  and  Expert  in  Patent 

Causes. 

(Stevens  'S4.) 


Magnesia  Sectional  coverings. 


FIRE       aOmmBSaB^      PROOF 


FOR  WROUGHT  IRON  PIPE. 

In  Canvas  Jacket  Sections,  36  inches  in  length. 

Thb  Approved   Method  of  Insulating  Heated    Surfaces. 

Efficient  and  Durable. 

Correspondence  ROBERT     A.     KEASBEY, 

Solicited.  .54    Warren   Street.  N.Y 


